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FOREWORD

'~ The information presented in this report summarizes three major steps toward
production of a reference manual for planners of manned earth-orbital research
activity. The reference manual will serve as one of the principal tools of a
systems approach to experiment and mission planning based on an integrated
consideration of candidate research programs and their attendant vehicle,

mission, and technology development requirements.

The first major step toward preparation of the manual was the development of
long-range goals and objectives suitable fof NASA's activities during fhe
1970-1980 time period. This work was completed by NASA Headquarters with
active center support and was published in September 1969 as a portion of a
report for the President's Space Task Group entitled, "America's Next Decade

in Space."

The second major step was a contractual study effort undertaken in September
1969 by McDonnell Douglas Astronautics Company-West with the TRW Systems
Group, the IBM Federal Systems Division, and the RPC Corporation. The purpose
of the study was to structure the NASA-developed goals and objectives into an
orderly, system-oriented set of implementation requirements. The conﬁraétor
examined, in depth, the orbital experiment program required to achieve the
scientific, technological, and application objectives, and determined in a
general way the caﬁabilities required in future manned orbital programs to
accommodate the defined,experiments.. Thus, the basic task of the contractor
was to ald NASA in studying the useful and proper roles of manned and auto-
mate&vspacecraft by examining the implementation alternatives for NASA experi-

ments.

The third major step presented in this document is the result of an.integrated
consideration of NASA's long-range goals and objectiyes, the system and mission
requirements, and the alternative implementation plans. It will serve as a
source of detailed information and methodology for use by NASA planners in

development and justificétion of future programs.
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Management
Technical direction (fig. 1) of the contracted study effort is the responsi-

bility of the Advanced Aerospace Studies Branch (AASB) of the Space Systeﬁs
Division (SSD) at the Langley Research Center (LRC). Technical guidance is
provided by the Earth Orbital Experiment Program Steering Group which reports
through the Planning Steering Group (PSE) to the Associate Administrator.
Technical coordination is also maintained with appropriate personnel at ARC,
GSFC, MSC, and MSFC.

The membership of the Steering Group (fig. 2) comprises representatives of th
working groups of the PSG under the chairmanship of Dr. R. G. Wilson, Directo
Advanced Programs, OSSA. The NASA Study Management Team is headed by

Mr. W. R. Hook of the AASB. Technical support is supplied by elements of the

Langley Research Center as required.

The contractor's Study Team is headed by Dr. H. L. Wolbers, MDAC, and the
Senior Management Review Council is chaired by Mr. C. J. Dorrenbacher, Vice

President, Advanced Systems and Technology, MDAC.
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INTRODUCTION
APPENDIX A

The organized overview method of analysis is described in Section 2, in
general terms as well as specific detail fer cach of the six study disciplines.
The organized overview charts derived in cach of these disciplines are

presented in this Appendix, &s follows:

Manned Spaceflight Capability Charts 1-1 through 1-90

Space Biology Charts 2-1 through 2-14
Space Astronomy Charts 3-1 through 3-42
Space Physics Charts 4-1 through 4-17

Communications and Navigation Charts 5-1 through 5-9

Earth Observations Charts 6-1 through 6-29

Critical issues referred to at the lower levels of these charts are found

in Tables 1 through 6 in Appendix B,

A-i O
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Chart 1-1. Organized Overview for Manned Spaceflight Capability

1.0 MANNED SPACE-
FLIGHT CAPABILITY

How can knowledge about
{1) the unique capabilities
and limitation of man in
long-term space flight; {2)
design requirements for
hardware which supports him
and with which he interfaces;
‘and (3) the hardware and
personnel requirements for
space operations be
increased?

) 1.2 ENGINEERING
1.1 SPACE MEDICINE EXPERIMENTS

What are the effects of
long-term space flight on
human physiology and
behavior and what are the
optimum hardware systems acts or which are required
for life support, protection, for manned space flight be
and habitability? experimentally evaluated?

How can the technology and
equipment for spacecraft
components and subsys-
tems with which man inter-

1.3 OPERATIONS
EXPERIMENTS

(SEE CHART 1-5)

1.1.1 BIOMEDICINE

What are the biomedical
problems associated with
the optimum utilization of

man in advanced space sys-

tems and how can they be
solved?

How can the operationat
capability to establish, ccn-
duct, and support manned
space activities be dev-
eloped and evaluated?

1.1.2 MAN-SYSTEMS 1.1.3 LIFE SUPPORT
INTEGRATION AND PROTECTIVE SYSTEMS

(SEE CHART 1-2)

What is the effect of long-
term space flight on man’s
behavior and capability
and what are the design
requirements for his
habitability and
hardware?

(SEE CHART 1-3)

How can better under-
standing of life support
and protective systems
help achieve optimum .
utilization and support of
man in advanced space

. systems?

(SEE CHART 14)

(SEE CHART 1-6}
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(SEE CHART 1-1}

1.1.1 BIOMEDICINE

What are the biomedical
problems associated with the
optimum utilization of man
in advanced space systems
and how can they be solved?

Chart 1-2. Manned Spaceflight Capability — Biomedicine

1.1.1.1 PHYSIOLOGICAL
CHANGES

What changes occur in the
physiological systems of man
when he is exposed for pro-
fonged durations to the
spacecraft environment and
what are the mechanisms
associated with such changes?

What are the effects of the
spacecraft environment on
medical problems and their
management?

1.1.1.2 MEDICAL 1.1.1.3 STRESS
PROBLEMS TOLERANCE CHANGES

What changes occur in toler-
ance limits to potential
environmental stresses due to
prolonged exposure to the
spacecraft environment and
how will these changes

affect environmental control

(SEE CHART 1-15)

criteria?

(SEE CHART 1-16}

|
11149

|
1.1.1.12

l
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i ]
1.1.1.1.4

CARDIOVASCULAR

RESPIRATORY

NEUROLOGICAL

GASTROINTESTINAL

What changes occur in cardio-
vascular function and what
are the mechanisms associated
with the changes?

What changes occur in
raspiratory function and what
are the mechanisms associated
with the changes?

What changes occur in neuro-
logical function and what are
the mechanisms associated
with the changes?

What changes occur in gastro-
intestinal function and what

are the mechanisms associated
with the changes?

1.1.1.1.5 EXCRETORY
FUNCTION AND FLUID
BALANCE

What changes occur in excre-
tory f ion and fluid bal

and what are the mechanisms
associated with the changes?

(SEE CHART 1.7)

(SEE CHART 1-8)

(SEE CHART 1-9)

(SEE CHART 1-10)

|

1.1.1.1.6 METABOLISM
AND MUSCULOSKELETAL
FUNCTION

What ch oceur in b

£

1.1.1.1.7 HEMATOLOGY
AND IMMUNOLOGY

1.1.1.1.8 ENDOCRINE
FUNCTION

1.1.1.1.9 REPRODUCTIVE
FUNCTIONS

What changes occur in

fism, including loskeletal
function, and what are the
mechanisms associated with
the changes?

gy and |
and what are the h

gy

What changes occur in endocrine
function and what are the

d with the ch ?

9

with the changes?

What changes occur in

reproductive function and

what are the mechanisms
ciated with the changes?

(SEE CHART 1-12)

(SEE CHART 1-13)

(SEE CHART 1-14)

(CRITICAL ISSUES IN TABLE 1)

(SEE CHART 1-11)
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1.1.2.1 BEHAVIORAL
RESEARCH

(SEE CHART 1-1)

Chart 1-3. Manned Spaceflight Capability — Man-System Integration

man’s behavior as an

How can our understanding of

and as a group member, his
capability to perform useful
work, and his selection and
training requirements for
extended spaceflight be

1.1.2 MAN-SYSTEMS
INTEGRATION

RESEARCH

individual

What is the effect of longterm
spaceflight on man’s vehavior
and capability and what are
the design requirements for
his habitability and support
hardware?

1.1.2.2 MAN-MACHINE

1

long-duration spaceflight
on human behatior?

increasad?
1.1.2.1.1 INDIVIDUAL 1.1.2.1.2 HUMAN
BEHAVIOR CAPABILITIES
How can human capabilities
fo! performing physical and
What is the infl of | work as an operator

and maintainer of space
systems and as a scientific
investigator be quantified
and what is the appropriate
man-machine mix?

(SEE CHART 1-18)

(CRITICAL ISSUES IN TABLE 1)

STRUCTURE AND

1.1.2.1.3 GROUP 1.1.2.1.4 PERSONAL AND
SOCIAL ADJUSTMENT

DYNAMICS

How can man’s understanding

What is the influence of long-
duration spaceflight on group
dynamics and structure?

of the individual and personal-
ity traits which are predictive
of successful adjustment in
spaceflight be increased?

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

crew selection, techniques for
maintenance of skills, and
efficient training requirements
analysis and implementation?

1.1.2.1.5 SELECTION AND 1.1.2.1.6 PERFORMANCE
TRAINING MONITORING AND ASSES-
SMENT
How can man’s performance
in space be enhanced through How can methods for perform-

.

ance itoring and pr Y
assessment during long-duration
space missions be developed?

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

What are the design criteria
for equipment which man
interfaces or which is re-
quired to support him in
long-duration spaceflight?

1.1.2.2.1 CONTROLS AND
DISPLAYS

1.1.2.2.2 LOCOMOTION AND
RESTRAINT

What are the design criteria
and new technology needed
for controls and displays with
which crews of long-duration
space missions must interact

in performing systems manage-
ment, information processing,
and vehicle navigation and
control?

How can techniques and equip-

ment for astronaut restraint
and locomotion both inside
and outside the spacecraft be
developed and evaluated?

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

1.1.2.2.3 HABITABILITY

1.1.2.2.4 WORK/REST/
SLEEP CYCLES

How can methods, technology,
and equipment for habitable
living and working areas in
long-duration space missions
be developed and evaluated?

How can man’s understanding
of circadian rhythms and
diurnal cycles in space be
increased and how can
optimum work/rest/sleep
cycles for long-duration

space missions be developed
and evaluated?

{SEE CHART 1.20)

(SEE CHART 1-20)

1.1.2.2.5 PERFORMANCE
AIDS

1.1.2.2.6 SCHEDULING
TECHNIQUES

How can we identify, develop and
| aids for enh.

of human performance in long-

duration space missions?

How can man’s understanding
of techniques for constructing,
modifying, and updating acti-
vity schedules for long-duration
space missions be increased?

(SEE CHART 1-21)

(CRITICAL ISSUES IN TABLE 1)
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(SEE CHART 1-1)

1.1.3 LIFE SUPPORT
AND PROTECTIVE
SYSTEMS

How can better understanding
of Life Support and Protect-
ive Systems help achieve
optimum utilization and
support of man in advanced

Chart 1-4. Manned Spacefiight Capability —
Life Support and Protective Systems

1.1.3.1 DEVELOPMENT OF
ATMOSPHERIC SUPPLY AND
PRESSURE SYSTEM TECH-
NOLOGY

CONTROL

How can the development and
understanding of atmospheric
supply and pressurization sys-
tem contribute to life support
and protective systems, and
what are the pertinent func-
tions performed by the atom-
spheric supply and pressuriza-
tion system?

How can the development and
understanding of the thermal
control system technology
contribute to life support

and protective systems?

space systems?
1.1.3.3- THERMAL 1.1.3.5 WASTE 1.1.3.7 CREW
MANAGEMENT PROTECTIVE SYSTEMS

How can increased under-
standing of waste manage-
ment system technology
contribute to better life
support and protective
systems?

How can, the development
of crew protection system
technology benefit life
support and protective
systems?

(SEE CHART 1-22)

(SEE CHART 1-24)

(SEE CHART 1-26)

(SEE CHART 1-28)

1.1.3.2 ATOMSPHERE
PURIFICATION AND
CONTROL

1.1.3.4 WATER
MANAGEMENT

1.1.3.6 FOOD
MANAGEMENT

1.1.3.8 INTEGRATED
LIFE SUPPORT SYSTEMS

How can understanding of
atmospheric purification

and control system techno-
logy benefit the development
of life support and protective
systems? What are the per-
tinent constituents of the
cabin atmosphere, other
than oxygen-and diluents,
that should be controlled?

How can better understanding
of water management system
technology benefit life support
and protective systems?

ment systems?

How can the development
and better understanding of
food management system
technology enhance the
capabilities of tife support
and technology systems?
What are the basic ap-
proaches involved in
spacecraft food mange-

How can the devzlopment
and better understanding of
advanced integrated life
support systems contribute
to life support and pro-’
tective systems technology?

(SEE CHART 1-23)

(SEE CHART 1-25)

(SEE CHART 1-27)

(CRITICAL ISSUES IN TABLE 1)
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(SEE CHART 1-1)

1.2 ENGINEERING
EXPERIMENTS

How can the technology and
equipment for spacecraft
components and subsystems
with which man interacts or
which are required for manned
spaceflight be experimentally
evaluated?

Chart 1-5. Manned Spaceflight Capability - Engineering E xperiments

1.2.1 DATA MANAGE-
MENT SUBSYSTEMS

122 ELECTRICAL POWER

How can advanced techni-
ques, components, and sub-
systems for processing data
on extended manned space-
flight be developed and
evaluated?

How can equipment for pro-
viding electrical power to
advanced manned space
vehicles and man’s capability
in operating, controlling, and
maintaining such equipment
be evaluated?

1.2.3 STABILIZATION
AND CONTROL

1.2.4 NAVIGATION
AND GUIDANCE

1.2.5 COMMUNICATION
SUBSYSTEMS

How can components, sub-
systems, and man-machine
interfaces for stabilization and
control of advanced manned
space vehicles be evaluated?

How can man’s knowledge
about the feasibility and
effectiveness of navigation

and guidance techniques and
equipment for advanced man-
ned space vehicles be increased?

How can communications
components and subsystems
for applicability to advanced
manned space vehicles be
developed and evaiuated?

(SEE CHART 1-42)

(SEE CHART 1-43)

(SEE CHART 1-44)

{SEE CHART 1:45)

(SEE CHART 1-46)
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(SEE CHART 1-1)

1.3 OPERATIONS
EXPERIMENTS

How can the operational
capability to establish, con-
duct, and support manned
space activities be developed
and evaluated?

Chart 1-6. Manned Spaceflight Capability - Operations Experiments

1.3.1 SPACE LOGISTICS
AND RESUPPLY

1.3.2 MAINTENANCE,
REPAIR AND RETROFIT

1.3.3 ASSEMBLY AND
DEPLOYMENT

1.3.4 MODULE
OPERAT.ONS

1.3.5 VEHICLE SUPPORT
OPERATIONS

How can techniques for cargo
and personne! transfer, space
rescue, and data return for
long-duration manned space-
flight be developed and
evaluated?

How can operational techniques
for internal and external main-
tenance and repair and retrofit
of experiments for manned
spaceflight be developed and
evaluated?

How can operational
capability to assemble and
deploy light weight and
large expandabte space
str and man’s
to support assembly and deploy-
ment be evaluated in space?

hil;

How can operational methods
for control, monitoring,
rendezvous and docking, and
ing with ¢ ned
modules launched from a man-
ned space station be evaluated?

How can operational tech-
niques for onboard support
of functions required in
manned spaceflight missions
(computing, film processing,
medical services) be evaluated
in space?

(SEE CHART 1-71)

(SEE CHART 1-72)

(SEE CHART 1.73)

(SEE CHART 1-74)

(SEE CHART 1-75)
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(SEE CHART 1-2}

Chart 1-7. Manned Spaceflight Capability — Cardiovascular Changes

1.1.1.1.1 CARDIOVASCULAR
CHANGES

What changes occur in cardio-
vascular function and what
are the mechanisms associated
with the changes?

1.1.1.1.1.2 BLOOD VOLUME

What changes occur in blood

volume and its distribution

and what are the mechanisms
d with the changes?

{CRITICAL !SSUES IN TABLE 1)

1.1.1.1.1.1 CARDIAC ACTIVITY

What changes occur in
cardiac activity and what
are the mechanisms associ-
ated with the changes?

{CRITICAL ISSUES IN TABLE 1)

i

1.1.1.1.1.4 COMPENSATORY
REFLEXES

What changes occur in
circulatory compensatory
reflexes and what are the
mechanisms associated with
the changes?

(CRITICAL ISSUES IN TABLE 1)

1.1.1.1.1.3 CIRCULATORY
DYNAMICS

What changes occur in circu-
latory dynamics and what
are the mechanics

d with the changes?

(CRITICAL ISSUES IN TABLE 1)

1.1.1.1.1.5 BLOOD GAS
TRANSPORTATION

What changes occur in blood
gas transportation and what
. are the mechanisms associated
with the changes?

(SEE 1.1.1.1.2 AND 1.1.1.1.7)

(CRITICAL ISSUES IN TABLE 1)
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(SEE CHART 1-2)

1.1.1.1.2 RESPIRATORY
CHANGES

What changes occur in
respiratory function and
what mechanisms are
associated with the
changes?

Chart 1-8. Manned Spaceflight Capability — Respiratory Changes

1.1.1.1.2.1 PULMONARY
FUNCTION

What changes occur in
pulmonary function and
what mechanisms are asso-
ciated with the changes?

{CRITICAL ISSUES IN TABLE 1)

1.1.1.1.2.3 RESPIRATORY
CONTROL MECHANISMS

What changes occur in
respiratory control and
compensatory reflexes and
what are the mechanisms
associated with the changes?

(CRITICAL ISSUES IN TABLE 1)

1.1.1.1.2.2 GAS EXCHANGE
AND TRANSPORTATION

What changes occur in
respiratory gas exchange

and transportation and what
are the mechanisms associated
with the changes?

(CRITICAL ISSUES IN TABLE 1)

1.1.1.1.2.4 CILIARY
ACTIVITY

What changes occur in ciliary
activity in the respiratory
tract and what are the
mechanisms associated with
the changes?

{CRITICAL !SSUES IN TABLE 1)
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(SEE CHART 1-2)

11113
NEUROLOGICAL
CHANGES

What changes occur in neuro-
logical function and what

are the mechanisms associated
with the changes?

Chart 1-9. Manned Spaceflight Capability - Neurological Changes

1.1.1.1.3.2 NERVE AND
SYNOPES TRANSMISSION

What changes occur in nerve
and synapse transmission and
what are the mechanisms
associated with the changes?

(CRITICAL ISSUES IN
TABLE 1)

1.1.1.1.33
ELECTROENCEPHALO-
GRAPH PATTERNS

What changes occur in electro-
encephalographic patterns
and what are the mechanisms
associated with the changes?

(CRITICAL ISSUES IN
TABLE 1)

11.1.1.1.3.1

1.1.1.1.3.5 MOTOR
PERFORMANCE

What changes occur in motor
performance and what are
the mechanisms associated
with the changes?

(CRITICAL ISSUES IN
TABLE 1)

1.1.1.1.3.4 SENSORY

1

1.1.1.1.3.7 INTEGRATIVE
AND COGNATIVE
PROCESSES

What changes occur in inte-
grative and cognative
processes and what are the
mechanisms associated with
the changes?

{CRITICAL ISSUES IN
TABLE 1)

1.1.7.1.3.6 REFLEX

VESTIBULAR FUNCTION

What changes occur in vesti-
bular function and what are
the mechanisms associated
with the changes?

FUNCTION

What changes occur in sensory
function and what are the
mechanisms associated with
the changes?

CRITICAL ISSUES IN
TABLE 1)

ACTIVITY

What changes occur in reflex
activity and what are the
mechanisms associated with
the changes?

1.1.1.1.3.1.1 OTOLITH
ACTIVITIES

What changes occur in
vestibular functions that
originate in otolith activities
and what are the associated
mechanisms?

(CRITICAL ISSUES IN
TABLE 1}

|

1.1.1.13.1.2
SEMICIRCULAR CANAL
ACTIVITIES

What changes occur in
vestibular functions that
originate primarily in semi-
circular canal activities and
what are the mechanisms
assaciated with the changes?

CRITICAL ISSUES IN
- TABLE 1)

1.1.1.1.3.6.1
SKELETAL MUSCLE
REFLEXES

What changes occur in reflex
activity associated with skelatal
muscle responses and what are
the mechanisms associated
with the changes?

(CRITICAL ISSUES IN
TABLE 1)

-

1.1.1.1.3.6.2
AUTONOMIC REFLEXES

What changes occur in auto-
nomic reflexes and what are
the mechanisms associated
with the changes?

(CRITICAL ISSUES IN
TABLE 1)



Chart 1-10. Manned Spaceflight Capability — Gastro Intastinal Function

{SEE CHART 1-2)

1.1.1.1.4 GASTRO-
INTESTINAL FUNCTION

What changes occur in the
gastrointestinal functions and
what are the mechanisms
associated with the changes?

ot-L-v

1.1.1.1.4.1 MOTILITY 1.1.1.1.4.3 DIGESTION

What changes occur in the
gastrointestinal motility and
what are the mechanisms
associated with the changes?

What changes occur in the
digestive processes and what
are the mechanisms assoc-
iated with the changes?

(CRITICAL ISSUES IN (CRITICAL ISSUES IN
TABLE 1) TABLE 1)

1.1.1.1.4.5 BILE AND
LIVER FUNCTION

What changes occur in the
biliary and liver function
and what are the mechan-
isms associated with the
changes?

(CRITICAL ISSUES IN
TABLE 1)

1.1.1.1.4.7 FECAL
MANAGEMENT

What changes occur in the
fecal management and what
are the mechanisms associ-
ated with the changes?

(CRITICAL ISSUES IN
TABLE 1)

1.1.1.1.4.2 SECRETORY
PROCESS

What changes occur in the
secretory processes and what
are the mechanisms associ-
ated with the changes?

1.1.1.1.4.4 ABSORPTION

What changes occur in the
gastrointestinal absorption
and what are the mechanisms
associated with the changes?

11.1.1.4.6
GAS FORMATION

What changes occur in the
gas formation and manage-
ment and what are the
mechanisms associated
with the changes?

11.1.1.48
HUNGER AND THIRST

What changes occur in the
control of hunger and thirst
and what are the mech-
anisms associated with the
changes?

(CRITICAL ISSUES IN TAB (CRITICAL ISSUES IN (CRITICAL ISSUES IN

(CRITICAL ISSUES IN
TABLE 1) TABLE 1) TABLE 1)

TABLE 1)
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Chart 1-11. Manned Spaceflight Capability — Excretory Function and Fluid Balaqce

(SEE CHART 1-2}

1.1.1.1.5 EXCRETORY
FUNCTION AND FLUID
BALANCE

What changes occur in the
excretory function and fluid
balance and what are the
mechanisms associated with
the changes?

1.1.1.1.5.1 KIDNEY
FUNCTION

What changes occur in the
normal kidney function and
what are the mechanisms
associated with the changes?

(CRITICAL ISSUES IN

TABLE 1)

1.1.1.1.5.2 URINE

What changes occur in the
volume and composition of
urine and how are they related
to changes in body fluid and )
electrolyte balance?

(CRITICAL ISSUES IN

TABLE 1)

1.1.1.1.5.3 BLADDER 1.1.1.1.5.6 ELECTROLYTE
CONTROL 1.1.1.1.5.4 HYDRATION CONTENT
What ch occur in bladd What effects will changes in - |What effects will changes in |
control and micturition and excretory function have on excretory function have on the,
how will the changes affect total body hydration and electrolyte content of body
waste management procedure? what is the nature of the fluids and what is the nature
agement procedures? changes? of the changes?
(CRITICAL ISSUES IN {CRITICAL ISSUES IN {CRITICAL ISSUES IN
TABLE 1) TABLE 1) TABLE 1)

1.1.1.1.5.5 PH OF BODY
FLUIDS

What effects will changes in
excretory function have on
the pH of body fluids and
what is the nature of the
changes?

(CRITICAL ISSUES IN
TABLE 1)
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Chart 1-12, Manned Spaceflight Capability -

Metabolic and Musculo Skeletal Function
(SEE CHART 1-2)
1.1.1.1.6 METABOLIC AND
MUSCULO SKELETAL
FUNCTION

What changes occur in the
metabolic and musculo-
skeletal function and what
are the mechanisms associa-
ted with the changes?

1.1.1.1.6.1 INTERMEDIARY
METABOLISM

1.1.1.1.6.2 ENERGY

1.1.1.1.6.3 MUSCLE SIZE 1.1.1.1.6.4 CALCIUM AND 1.1.1.1.6.5 METABOLIC
METABOLISM

AND STRENGTH PHOSPHORUS METABOLISM BALANCE
What changes occur in the

- ; ; What changes occur in the size What changes occur in Ca and P
energy metabolism associ- and strength of voluntary ges

What changes occur in meta-

What changes occur in meta-
bolic processes and how will - g

i i metabolism and what effect will bolic balance and how will the
the changes affect dietary ;m: vm: :dmu”uw t:rk muscles and how are these these changes have on bone changes influence dietary
requirements? ‘:a s an in f‘ow wi ) e. changes .related to protein density and. the formation of composition and procedures?
~ metabolism? renal calculi?
work schedules?

{CRITICAL ISSUES

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

{CRITICAL ISSUES
IN TABLE 1)

IN TABLE 1)

1.1.1.1.6.1.7 CARBOHYDRATE
METABOLISM

1.1.1.1.6.1.2 FAT

1.1.1.1.6.1.3 PROTEIN
METABOLISM

METABOLISM

What changes occur in carbo-
hydrate metabolism and what
are the mechanisms associated
with the changes?

{CRITICAL ISSUES
IN TABLE 1}

What changes occur in fat
metabolism and what are the
mechanisms associated with
the changes?

What changes occur in protein
metabolism and what are the
mechanisms associated with
the changes?

{CRITICAL !SSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)
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Chaﬁ 1-13. Manned Spaceflight Capability — Hematology an Immunology

(SEE CHART 1-2)

1.1.1.1.7 HEMATOLOGY
AND IMMUNQLOGY

What changes occur in the hema-

tological and i I

characteristics of the biood and

what are the mechanisms
iated with the ch

vd
b

1.1.1.1.7.1 ELEMENT
MORPHOLOGY

What changes occur in the
morphology of formed ele-
ments and what are the
mechanisms associated with
the changes?

1.1.1.1.7.3 CLOTTING
AND HEMOSTASIS

(CRITICAL ISSUES IN
TABLE 1)

What changes occur in the
blood clotting and hemo-
stasis and what are the
mechanisms associated
with the changes?

1.1.1.1.7.4 PLASMA’
PROTEINS

(CRITICAL ISSUES IN
TABLE 1)

1.1.1.1.7.2 ELEMENT
DYNAMICS

What changes occur in the
dynamics of formed elements
and what are the mechanisms
associated with the changes?

(CRITICAL ISSUES IN
TABLE 1)

What changes occur in the

istics and e
tion of the plasma proteins
and what are the mechanisms
iated with the changes?

1.1.1.1.7.6 IMMUNOLOGICAL
CHARACTERISTICS

(CRITICAL ISSUES IN
TABLE 1)

What changes occur in the
immunological characteristics
and what are the mechanisms
associated with the changes?

(CRITICAL ISSUES
IN TABLE 1)

1.1.1.1.7.5 SERUM
ELECTROLYTES

What changes occur in the
concentration of the serum
electrolytes and what are the
mechanisms associated with
the changes?

{CRITICAL ISSUES IN
TABLE 1)




iV

(SEE CHART 1-2}

1.1.1.1.8 ENDOCRINE
FUNCTION

What changes occur in
endocrine function and what
are the mechanisms associated
with the change?

Chart 1-14. Manned Spaceflight Capability - Endocrine Function

1.1.1.1.8.1 HORMONE
SYNTHESIS

What changes occur in hormone
synthesis and release and what
are the mechanisms associated
with the change?

1.1.1.1.8.2 HORMONE
EFFECTS

What changes occur in effects
that hormones have on target
tissues and what are the mech-
anisms associated with the
change?

1.1.1.1.8.3 CONTROL
AND REGULATION

What changes occur in control
and regulation of endocrine
function and what are the
mechanisms associated with the
change?

(CRITICAL ISSUES IN
TABLE 1)

{CRITICAL ISSUES IN {CRITICAL ISSUES IN
TABLE 1)

TABLE 1}
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(SEE CHART 1-2}

1.1.1.2 MEDICAL
PROBLEMS

What are the effects of the
spacecraft environment on
medical problems and their
management?

Chart 1-15. M d Spaceflight Capability — Medical Problems

1

1.1.1.2.2 MICROBIAL
INFECTIONS

1.1.1.2.3 TRAUMATIC
INJURIES

1.1.1.2.4DIAGNOSTIC SIGNS

What changes occur in micro-
bial infections and how will
these changes influence
sanitary procedures?

What changes occur in the

healing process following

noninfectious traumatic

injuries and how will the
hanges infl tr

of these injuries?

What observed physiological
changes in response to the
spacecraft environment can
be used as diagnostic or pre-
dictive signs for an impending
deleterious condition?

{CRITICAL ISSUES IN TABLE 1}

1.1.1.2.1 RESPONSE TO
MEDICATION

What changes occur in the
response to medications and
how will the changes influ-

. ence dosage levels?

(CRITICAL ISSUES IN TABLE 1) {CRITICAL ISSUES IN TABLE 1)

]

1.1.1.2.5 PREVENTIVE
TREATMENTS

What treatments or procedures
can be used to prevent changes
associated with deleterious
conditions derived from expo-
sure to the spacecraft environ-
ment?

(SEE CHART 1-17)

1.1.1.2.1.1 ROUTE OF
DRUG ADMINISTRATION

1.1.1.2.1.2 DRUG
ACTION

1.1.1.2.1.3 EFFECTS ON
DRUG SELECTION

Will physiological changes
resulting from prolonged
exposure to weightlessness
produce any difference in
the route of drug admini-
stration?

Will physiological changes
resulting from prolonged
exposure to weightless-
ness produce any differ-
ences of drug action in
the body?

Will changes that occur in
response to medication
necessitate any revisions
in drug selection, mode
of administration, or
dosage?

(CRITICAL ISSUES IN TABLE1)

(CRITICAL ISSUES IN TABLE 1)

{NO CRITICAL ISSUES DERIVED)
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Chart 1-16. Manned Spaceflight Capability - Stress Tolerance Changes
(SEE CHART 1-2)

1.1.1.3 STRESS
TOLERANCE CHANGES

What changes occur in the
tolerance limits to potential
environmental stresses due to
prolonged exposure to the
spacecraft environment and
how will these changes affect
environmental control criteria?

l l l l

1.1.1.3.2 TOLERANCE TO 1.1.1.3.4 ACCELERATION 1.1.1.3.6 EXERCISE 1.1.1.3.8 TOLERANCE
INCREASED CO4 TOLERANCE TOLERANCE TO TOXIC CONTAMINANTS

What changes occur in r What changes occur in What changes occur in What changes occur in the toler-
and tolerance to increased car- response and tolerance to response and tolerance to ance to toxic contaminants in
:mn cgcl'?:fttd:nggﬁs):ures |tn ﬂn:’eh acceleration and how will strenuous exercise and how the spacecraft atmosphere and
will the changes imflaonce sl the changes affect mission will the changes affect work o ilome changes influence
able carbon dioxide levels in the ication of ion load schedules during the for various contaminants?
sbacecraft atmosphere. application of accelerat mission?

) or gravitation?
(CRITICAL ISSUES IN TABLE 1}

(CRITICAL ISSUES IN TABLE 1)
1.1.1.3.56 TOLERANCE TO

1.1.1.3.3 TOLERANCE TO
TEMPERATURE VARIATIONS

DILUENT GAS EFFECTS
What changes occur in response

What effect will changes in the
type and pressure of diluent gas and tolerance to environmental
temperature variations and how

have on respiratory phenomena 1 3
the spacecraft environment and tolerance to envolved gas will the changes influence the
definition of the spacecraft

and how will the changes dysbarism and how will these f
influence the definition of hanges infl ¥ aft thermal environment
the spacecraft atmosphere? atmosphere composition?

(CRITICAL ISSUES IN TABLE 1)

1.1.1.3.1 TOLERANCE
TO REDUCED OXYGEN

What changes occur in

response and tolerance to
reduced oxygen pressure in

(CRITICAL ISSUES IN TABLE 1)

1.1.1.3.7 RADIATION
TOLERANCE

1.1.1.3.9 TOLERANCE TO
NOISE AND VICRATION

What changes occur in tolerance
to noise and vibration within the
spacecraft and how will the change
influence allowable limits for noise
and vibration?

What changes occur in toler-
ance to radiation and how will
the changes influence the defini-
tion of radiation protective

es for the P aft?

(CRITICAL ISSUES IN TABLE 1) l (CRITICAL ISSUES IN TABLE 1)  (NO CRITICAL ISSUES DERIVED)
L 1
1.1.1.3.5.1 ELEVATED 1.1.3.5.2 DEPRESSED
TEMPERATURES TEMPERATURES
What changes occur in response What ch occurin r

and tolerance to elevated environ-
mental temperatures and what are
the mechanisms associated with
the changes?

and tolerance to depress
environmental temperature and
what are the mechanisms associ-
ated with the changes?

(CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1)

| 1 . 1 I |
1.1.1.3.1.1 NEUROLOGICAL 1.1.1.3.12 CARDIOVAS- 1.1.1.3.1.3 RESPIRATORY 1.1.13.1.4 HEMATOLO.
EFFECTS CULAR EFFECTS EFFECTS GICAL CHARACTERISTICS 1.1.3.1.5 OTHER EFFECTS

What changes occur in the effects
of hypoxia on the nervous system
and what are the mechanisms
associated with the changes?

What changes occur in

the response of the cardio-

vascular system to hypoxia

and what are the mechanisms
d with the changes?

What changes occur in

the response of the respira-

tory system to hypoxia and

what are the mechanisms
iated with the ch ?

What changes occur in the
effects of hypoxia on hemato-
logical characteristics and what
are the mechanisms associated
with the changes?

What other effects must be
considered with regard to
hypoxia?

{CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES iN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)
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(SEE CHART 1-15)

1.
TREATMENTS

1.1.2.5 PREVENTIVE

What treatments or pro- ’
cedures can be used to

prevent changes associated .

with deleterious condi-
tions derived from
exposure to the space-
craft environment?

Chart 1-17. Manned Spaceflight Capability -

Preventive Treatments

1.1.1.25.7 REVERSAL
|OF CHANGE

Can any of the measures
found effective in pre-
venting the occurrence of
deleterious biomedical
changes be used to
reverse the biomedical

1.1.1.25.5 DRUG
ADMINISTRATION

Can the administration of
drugs or chemicals prevent

the occurrence of deleteri- -

ous biomedical changes?

1.1.1.2,5.1 ARTIFICIAL
GRAVITY

Can artificial gravity
derived from rotating the
spacecraft be used to pre-
vent the occurrence of
deleterious biomedical

1.1.1.25.3
CENTRIFUGATION

change if it has already
occurred?

changes?

(NO CRITICAL ISSUES

(NO CRITICAL ISSUES
DERIVED) DERIVED) ’

1.1.1.2.6.6 STRESS
ACCLIMATIZATION

Can the biomedical changes
that are produced by
chronic adaptation to an
environmental stress off-
set the occurrence of ’
deleterious biomedical
changes?

(CRITICAL ISSUES IN
TABLE 1)

Can centrifugation by
means of manned onboard
centrifuge be used to pre-
vent the occurrence of
deleterious biomedical
changes?

{CRITICAL ISSUES IN
TABLE 1)

1.1.1.25.4
REDISTRIBUTION OF
BLOOD VOLUME

(CRITICAL ISSUES IN
TABLE 1)

1,1.1.2.5.2 EXERCISE

such as the lower body
negative pressure device
and occlusive garments
or cuffs or by increasing
intrathoracic pressure, be
used to prevent cardio-
vascular deconditioning?

Can a periodic redistribution
of blood volume by devices,

Can an exercise program
be used to prevent the
occurrence of deleterious
biomedical changes?

(NO CRITICAL ISSUES
DERIVED)

{CRITICAL ISSUES IN
TABLE 1)



8l-1-v

{SEE CHART 1-3)

1.1.2.1.1 INDIVIDUAL
BEHAVIORAL RESEARCH

What is the influence of long-
duration spaceflight on indivi-
dual behavior?

Chart 1-18. Manned Spaéeflight Capability - Individual Behavioral Research

1.1.2.1.1.1 SENSORY

What is the influence of
long-duration spaceflight
on human sensory functions?

1.1.2.1.1.2 PSYCHOMOTOR

(SEE CHART 1-19)

What is the effect of long-
duration spaceflight on

human psychomotor functions
with respect to perceptual
motor functions, manipula-
tion and control, and force
production and control?

1.1.2.1.1.3 COGNITIVE

What is the effect of long-
duration spaceflight on
human cognitive function?

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)
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(SEE CHART 1-18)

1.1.21.0
SENSORY

What is the influence of
long-duration spaceflight on
human sensory functions?

Chart 1-19. Manned Spaceflight Capability - Sensory Influence

1.1.2.1.10

1.1.2.1.1.1.2

AUDITORY

SOMESTHETIC

1121113
VISUAL

1.1.2.1.1.1.4
ORIENTATION

1.1.2.1.1.15
CHEMICAL SENSE

What are the effects of
long-duration spaceflight on
man’s auditory function?

(ZRITICAL ISSUES IN

What are the effects of
long-duration spaceflight on
man’s somesthetic function?

(CRITICAL ISSUES IN

What are the effects of
long-duration spaceflight on
man’s visual function?

How does long-duration
spaceflight affect human
orientation?

What are the effects of
long-duration spaceflight on
man’s chemical sense function?

TABLE 1)

TABLE 1)

(CRITICAL ISSUES IN

(CRITICAL ISSUES IN
TABLE 1) TABLE 1)
1.1.2.1.1.1.41 1.1.2.1.1.14.2 POSITION 1.1.21.1.143
MOTION SENSING

SENSING

ORIENTATION ILLUSIONS

What are the effects of
long-duration spaceflight on
human motion sensing?

What are the effects of
long-duration spaceflight on
human position sensing?

What are the effects of long-
duration spaceflight in produc-
ing orientation sense related
illusions?

(CRITICAL ISSUES IN
TABLE 1)

(CRITICAL ISSUES IN
TABLE 1}

(CRITICAL ISSUES IN
TABLE 1)
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(SEE CHART 1-3)

1.1.2.2.3 HABITABILITY

How can methods, tech-
nology, and equipment
for habitable living and
working areas in long-
duration space missions be
developed and evaluated?

Chart 1-20. Manned Spaceflight Capability -

Habitability and Activity Cycles

1.1.2.2.3.1 SPACE

How can man’s under-
standing of astronaut
space requirements for
fong-duration space
flight (e.g., volume, con-
figuration, living space,
privacy) be increased?

(CRITICAL ISSUES IN
TABLE 1)

7

1.1.2.2.3.2 ENVIRONMENT

How can man’s understand-
ing of the environmental
requirements, limitations,
and constraints for long-
duration space missions
(e.g., illumination, noise,
temperature, decor, color)
be increased?

1.1.2.2.3.3 PERSONAL
SUPPORT

How can man’s understand-
ing of the personal support
needs (e.g., hygiene, nutri-
tion, recreation, sleep
stations, maintenance of
health) of astronauts on
long-duration space

(CRITICAL ISSUES IN
TABLE 1)

(SEE CHART 1-3)

1.1.2.2.4 WORK/REST/
SLEEP CYCLES

How can man’s understanding of
circadian rhythms and diurnal
cycles in space be increased and
how can optimum work/rest/
sleep cycles for long-duration
space missions be developed and
evaluated?

missions be increased?

{CRITICAL ISSUES IN
TABLE 1)

1.1.2.2.4.1 RHYTHMS
AND CYCLES

How can man’s understand-
ing of circadian rhythms and
diurnal cydes in long-
duration space flight be
increased?

(CRITICAL ISSUES IN
TABLE 1) .

1.1.2.2.4.2 SLEEP

How can man’s understand-
ing of sleep requirements
and sleep behavior {e.g.,
duration, depth, suscepti-
bility to external effects,
movement) in long-
duration space flight be
increased?

(CRITICAL ISSUES IN
TABLE 1)

1

1.1.2.2.4.3 WORK/REST

How can man’s understand-
ing of optimum work/rest
cycles in long-duration
space flight be increased?

(CRITICAL ISSUES IN
TABLE 1)



TAR,

(SEE CHART 1-3)

1.1.2.2.5 PERFORMANCE AIDS

How can we identify,
develop and evaluate aids
for enhancement of human
performance in long-
duration space missions?

Chart 1-21. M d Spaceflight Capability -

Performance Aids

1.1.2.2,5.1 TOOLS

What are the new or
improved tools required
in long-duration space
flights for maintenance
and operational functions
and how can they be
developed and evaluated?

(CRITICAL ISSUES IN
TABLE 1)

1.1.2.25.2 MANIPULATORS AND
FORCE ASSISTIVE DEVICES

1.1.2.25.3 COMPUTER
AIDS AND CHECKLISTS

Under what conditions in
long duration space flight
will manipulators and
servos be required to
enhance human perform-
ance and how can they be
developed?

How can computers and
checklists be used to
enhance human perform-
ance in long-duration
space flight?

{CRITICAL ISSUES IN
TABLE 1)

(CRITICAL ISSUES IN
TABLE 1)




v

{SEE CHART 1-4)

1.1.3.1 DEVELOPMENT
OF ATMOSPHERIC SUPPLY
AND PRESSURIZATION
SYSTEM TECHNOLOGY

How can the development
and understanding of
atmospheric supply and
pressurization system con-
tribute to life support and
protective systems and
what are the pertinent
functions performed by
the atmospheric supply
and pressurization system?

Chart 1-22. Manned Spaceflight Capability — Atmosphere Supply

1.1.3.1.1 ATMOSPHERE
SUPPLY

What are the various
approaches used in the
supply of oxygen and
diluent gases to the
spacecraft cabin?

1.1.3.1.1.1 STORAGE
OF GASES

-

What are the processes
used in the storage of

gases and what are their
potential uses and

effects on the crew,
spacecraft and subsystems?

1.1.3.1.1.2 OXYGEN AND
DILUENT SUPPLY

What are the various
approaches of supply of
oxygen and diluents to the
spacecraft cabin
atmosphere?

(SEE CHART 1-29)

1.1.3.1.1.1
CHEMICAL

1.1.3.1.1.1.2
GASEOQOUS

i

1.1.3.1.2 CABIN
ATMOSPHERE
PRESSURE CONTROL

What types of pressure
control systems are
considered?

|
1.1.3.1.1.13

CRYQGENIC STORAGE

What are the aspects of
atmosphere storage by
chemical methods and
what are the conceptual
configurations considered?

What are the aspects of
atmosphere storage by
gaseous methods and

what are the conceptual
configurations considered?

(CRITICAL ISSUES
IN TABLE 1}

What are the aspects of
atmosphere storage by
cryogenic methods and
what are the conceptual
configurations considered?

{CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(SEE CHART 1-30)
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Chart 1-23. Manned Spaceflight Capability — Atmosphere Purification and Control

(SEE CHART 14)

1.1.3.2 ATMOSPHERIC
PURIFICATION AND CONTROL

How can understanding of
atmospheric purification and
control system technology
benefit the development of
life support and protective

systems?
1.1.3.2.1 CARBON 1.1.3.2.2 TRACE
DIOXIDE : CONTAMINANTS 1.1.3.2.3 HUMIDITY 11324 AEROSOLS
What are the means of . What are th fd
P e What are the means of con- e means of de-
v ~ detecting, identifying, h N . . e .
ﬂ:ﬁ:ﬂ:’;‘:‘;g;‘i‘:::;t;‘?“ and controlling trace trolling humidity in space- tecing, identifying, and
tion in the cabin atmosphere? contaminants in spacecraft craft aumo sph‘ere-and7what controlling aerosols in
atmosphere and what are are their implications? spacecraft atmosphere and
their implications? what are their implications?

(SEE CHART 1-31) (SEE CHART 1-32) (SEE CHART 1-33) (SEE CHART 1-34)
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(SEE CHART 1-4)

1.1.3.3 THERMAL
CONTROL

How can the development
and understanding of the
thermal control system
technology contribute to
life support and protective

Chart 1-24. Manned Spaceflight Capability -

Thermal Control

systems?

1.1.3.3.1 PASSIVE 1.1.3.3.2 ACTIVE

THERMAL CONTROL THERMAL CONTROL
What are the various What are the various
approaches involved in the approaches involved in the
passive thermal control of active thermal control of
spacecraft and what are spacecraft and what are
their potential uses and their potential uses and
effects on the crew, space- effects on the crew, space-
craft and life support and craft and life support and
other subsystems? other subsystems?

1.1.3.3.1.2 RADIATIVE 1.13.3.1.13 1.1.3.3.21 1.1.3.3.2.2

1.3.3.1. 1 i
11:3:3.1.1 INSULATION SURFACES HEAT PIPES HEATING SYSTEMS COOLING SYSTEMS

What are the processes
involved in passive thermal
control of spacecraft by the
use of insulation and what
are their potential uses and
effects on the crew, space-
craft and life support and
other subsystems?

What are the processes
involved in passive thermal
control of space cabins by
the use of radiative surfaces
and what are their potential
uses and effects on the crew,
spacecraft and life support
and other subsystems?

What are the processes
involved in passive thermal
control of spacecraft by the
use of heat pipes and what
are their potential uses and
effects on the crew, space-
craft and subsystems?

What are the basic approaches
used in heating of spacecraft
and should they be investi-
gated under space flight
conditions?

What are the basic approaches
used in cooling of spacecraft
and should they be investi-
gated under space flight
conditions?

(SEE CHART 1-35)

(SEE CHART 1-35)

(CRITICAL ISSUES IN TABLE 1)

(SEE CHART 1-36)

(SEE CHART 1-37)




(SEE CHART 1-4) Chart 1-25. Manned Spaceflight Capability -
) 1.1.3.4 WATER MANAGEMENT Water Management

How can better understanding of
water management system tech-
nology benefit life support and
protective systems?

1.1.3.4.1. STORAGE/

1.3.4.2 RECLAMATION
PRESERVATION 113

What are the processes involved
in storage/preservation water
management and what are their

SCL-v

potential uses and effects on the
crew, the spacecraft and the life
support and other vehicle systems?

What are the various means of
reclaiming water from wastes in
spacecraft water management
systems?

What are the various methods -
used in storage/preservation of
water in spacecraft?

(SEE CHART 1-38)

1.1.3.4.2.1 MEMBRANE/

FILTRATION 1.1.3.4.2.2 PHASE CHANGE

Has feasibility been established
for all components and processes

Has feasibility been established involved in water reclamation

for all comp ts and prc by phase change?
involved in membrane/filtration . .
3 B A What are the various methods of
pr¢ in water r on . e
water reclamation utilizing a
systems?

phase change considered for
spacecraft?

(SEE CHART 1-39)

i

(CRITICAL ISSUES IN TABLE 1)



(SEE CHART 1-4)
1.1.3.5 WASTE MANAGEMENT

Chart 1-26. Manned Spaceflight capability —
Waste Management

How can increased understanding
of waste management system
technology contribute to better

9z-1v

life support and protective
systems?

1.1.3.2.1 COLLECTION

1.1.3.5.2 INCINERATION

1.1.3.5.3 STORAGE

1.1.3.5.4 RECOVERY

1.1.3.5.5 DUMP

What are the various
methods of collection of
waste management and
what are their classifications
and application effect?

What are the aspects of
incinerating urine residue,
feces and/or refuse and
what are their conceptual
configurations considered?

What are the various
methods of storing waste
matter and what are their
classifications and appli-
cation effect?

What are the waste manage-
ment reclamation processes
considered and what are
their potential uses and
effects on the crew, space-
craft and life support and
other subsystems?

What are the various
methods of dumping waste
management and what are
their classifications and
application effect?

(CRITICAL ISSUES IN TABLE 1)

(SEE CHART 1-40)

1.1.3.5.1.1 URINE

1.1.3.5.1.2 FECES/REFUSE

1.1.3.5.3.1 URINE

1.1.3.5.3.2 FECES/REFUSE

What are the aspects of urine
collection in spacecraft waste
management systems and
what are the conceptual
configurations considered?

What are the aspects of feces
and/or refuse collection and
what are the conceptual
configurations considered?

What are the aspects of urine
storage in spacecraft waste
management systems and
what are the conceptual
configurations considered?

What are the aspects of feces
and/or refuse storage and
what are the conceptual
configurations considered?

{CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

{CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

1.1.3.5.5.1 URINE

1.1.3.5.5.2 FECES/REFUSE

What are the aspects of urine
dump in spacecraft waste
management systems and
what are the conceptual
configurations considered?

What are the aspects of feces
and/or refuse dump and
what are the conceptual
configurations considered?

(NO CRITICAL ISSUES DERIVED)

(NO CRITICAL ISSUES DERIVED)
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(SEE CHART 14) . Chart 1-27. Manned Spacéflight Capability —
1.1.3.6 FOOD MANAGEMENT : Food Management ' '

How can the development and better understanding of
food management system technology enhance the
capabilities of life support and protective systems?

What are the basic approaches involved in spacecraft
food management systems?

I
I » l

1.1.3.6.1 STORED FOOD 1.1.3.6.2 REGENERATIVE
What are the processes ’ What are the regenerative
involved in stored food : processes involved in f°°:
management systems ani
mapagemen? and what are what are their potential
their potential uses and uses and effects on the crew,
effects on the crew, space- spacecraft and life support
- craft, and other subsystems? . and other subsystems?
1v.1.3.G.1.1" FREEZE- 1.1.3.6.1.3 IRRADIATED/
1.3.6.1.2F N -
DRIED. 113 2FROZE CANNED
What are the processes involved What are the processes involved
m’ are the aspects off stored in stored food management in stored food management
drvi man:g;;‘nent bythreeze- utilizing frozen food and what _ utilizing irradiated food and what '
rying ‘an 6 at are the con- are their potential uses and effects are their potential uses and
cepu.'a 'w'; ‘gurations . on the crew, spacecraft and life effects on the crew,spacecraft and
considered? s support and other subsystems? life support and other subsystems?
;" {CRITICAL ISSUES ’ (CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) o IN TABLE 1)

1.1.3.6.2.1 CHEMICAL . 1.1.3.6.2.2 BIOLOGICAL
SYNTHESIS .

REGENERATION

What are the aspects of food
regeneration by chemical
synthesis and what are the
conceptual configurations

What are the aspects of food
regeneration from metabolic
wastes by biological processes
and what are the conceptual

considered? configurations considered?
:ﬁ"&gﬁf;:fsus ' _ - (CRITICAL ISSUES

IN TABLE 1)




8Z-1-v

Chart 1-28. Manned Spaceflight Capability — Crew Protective Systems
(SEE CHART 14)
1.1.3.7 CREW
| PROTECTION SYSTEM

How can the development of
crew protection system tech-
nology benefit lift support
and protective systems?

1.1.3.7.1 INTERNAL 1.1.3.7.2 EXTERNAL
HAZARDS HAZARDS
What hazards, inside the What hazards, external to the
spacecraft, require the use spacecraft, require the use of
of crew protection systems? crew protection systems?
1.1.3.7.1.1 FIRE 1.1.3.7.1.2 ATMOSPHERE 1.1.3.7.1.3 THERMAL 1.1.3.7.1.4 BIOLOGICAL
CONTAMINANTS CONTROL PROTECTION CONTROL
What are the various What are the processes !Nhat are the processes involved
methods of crew protec- What are the various methods involved in the protection in the protection of the crew
tion from fires inside the of atmospheric contaminants of the crew against the thermal against biological hazards?
spacecraft and what are control and what are their environment inside ““? space- What are the various methods
their classifications and classifications and applica- c'ralft and what are their poten- of crew protection against
application effects? tion effects? tial uses and effects on the biological hazards and what
crew, spacecraft and life support are their classifications and
and other subsystems? application effects?
{CRITICAL ISSUES (SEE CHART 1-41) (REFER TO CHART 1-24) (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)
1.1.3.7.2.1 ZERO GRAVITY 1.1.3.7.2.2 RADIATION 1.1.3.7.2.3 METEOROIDS 1.1.3.7.2.4 VACUUM
What are the various methods What are the various methods What are the various methods What are the various methods
of crew protection against of crew protection against of crew protection against of crew protection against
2ero gravity effects and what space radiation hazards and meteoroid hazards and what space vacuum and what are
are their classifications and what are their classifications are their classifications and their classifications and
application effects? and application effects? application effect? application effects?
{CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES

IN TABLE 1) IN TABLE 1) IN TABLE 1) IN TABLE 1)



(SEE CHART 1-22)

Chart 1-29. Manned Spaceflight Capability — Oxygen and Diluent Supply.

1.1.3.1.1.2 OXYGEN AND
DILUENT SUPPLY

What are the various approaches
of supply of oxygen and
diluents to the spacecraft

cabin atmosphere?

1.1.3.1.1.2.1 CARBON
DIOXIDE DECOMPOSITION

What are the processes
involved in the decomposi-
tion of carbon dioxide and
what are their potential uses
and effects on the crew,
spacecraft and subsytems?

2

1.1.3.1.1.2.2 CARBON
DIOXIDE REDUCTION/
ELECTROLYSIS

What are the basic processes
involved in carbon dioxide
reduction/electrolysis for
the recovery of oxygen
from carbon dioxide?

1.1.3.1.1.2.3 INERT GAS
RECLAMATION

What are the processes
involved in inert gas
reclamation and what are
potential uses and effects
on the crew, spacecraft and

subsystems?

(NO CRITICAL ISSUES

DERIVED)

—

113.1.1.2.1.9
SOLID ELECTROLYTE

1.13.1.1.21.2
MOLTEN CARBONATE

1.1.3.1.1.2.2.1 CARBON
DIOXIDE REDUCTION

1.1.3.1.1.2.2.2 WATER
ELECTROLYSIS

What are the aspects of
carbon dioxide decompo-

and what are the concep-
tual configurations

sition by solid electrolysis -

What are the aspects of
carbon dioxide decompo-
sition by molten carbonate
and what are the conceptual
configurations considered?

What are the processes
involved in carbon dioxide
reduction and what are their
potential uses and effects on
the crew, spacecraft and

What are the processes
involved in electrolyzing
water in spacecraft and what
are their potential uses and
effects on the crew, space-

considergd? subsystems? craft and subsystems?
(CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)
1.13.1.1.2.2.1 1.1.3.1.1.2.2.1.2. 1.1.3.1.1.2.2.2.1 113112222
SABATIER BOSCH LIQUID/MEMBRANE VAPOR PHASE
What are the aspects of
dioxide red What are‘thg aspect of. Wha_t are the aspects of What are the aspects of
! carbon dioxide reduction liquid water electrolysis by .
by the sabatier process and by the Bosch process and membrane methods and vapor water electrolysis and

what are the various con-
ceptual configurations

what are the conceptual
configurations considered?

what are the conceptual
configurations considered?

what are the conceptual
configurations considered?

considered?
(CRITICAL ISSUES " (CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1)

IN TABLE 1) . IN TABLE 1) IN TABLE 1)
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(SEE CHART 1-22)

1.1.3.1.2
CABIN ATMOSPHERE
PRESSURE CONTROL

What types of pressure
control systems are
considered?

Chart 1-30. Manned Spaceflight Capability - Cabin Atmosphere Pressure Control

1.1.3.1.2.1

SINGLE GAS ATMOS-
PHERE PRESSURE
CONTROL SYSTEM

What are the processes
involved in single gas
atmaosphere pressure control
systems and what are their
potential uses and effects
on the crew, spacecraft and
life support and aother
subsystems?

{NO CRITICAL ISSUES DERIVED)

1.13.1.2.2

DUAL GAS ATMOSPHERE
PRESSURE CONTROL
SYSTEM

What are the processes
involved in dual gas atmos-
phere pressure control
systems and what are their
potential uses and effects
on the crew, spacecraft and
life support and other
subsystems?

(CRITICAL ISSUES IN TABLE 1)



(SEE CHART 1-23)

1.1.3.2.1
CARBON DIOXIDE

What are the methods of
controlling the CO, con-
centration in the cabin
atmosphere?

Chart 1-31. Manned Spaceflight Capability - Carbon Dioxide .

11.1.3.2.11
DUMP

1.1.3.2.1.2

CONTROLLED LEAKAGE

1.1.3.21.3
REMOVAL

1.1.3.2.14
CONCENTRATION

What are the implications of, and
the ip t used in, dumping
cabin atmosphere and what are
their potential used and effects on
crew, spacecraft, and subsystems
equipment?

What are the potential uses
and application of controlled
leakage?

What are the processes
involved in CO2 removal
and what are their potential
uses and effects on the
crew, the spacecraft, and
life support and other
vehicle subsystems?

What are the processes
involved in CO; concen-
tration and what are their
potential uses and effects -
on the crew, the space-
craft, and the life support
and other subsystems?

(NO CRITICAL ISSUES

/ (NO CRITICAL ISSUES (NO CRITICAL ISSUES
DERIVED) DERIVED) DERIVED)
1132131 1.1.3.2.14.2 1.1.3.2.1.43 1132144 : 1.1.3.2145
ELECTRODIALYSIS SOLID AMINES MOLECULAR SIEVES LIQUID ABSORPTION CARBONATION CELL

What are the aspects of . . . What are the effects of CO2 What are ﬂ'ie aspects of CO_Z
cOz consoation by o e o e | | s etz concomyaio o i concantzaion by carbonstion
electrodialysis and what solid amines technique for molecular sieves technique _absorption and what are cells and wh:.n are .the ?on.
are the conceptual con- the concentration of CO%? for th rati ': CO? the conceptual configura- ceptl_aal Vconsuieratlons
siderations considered? 2 or the concentration o 2 tions considered? considered?

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
INTABLED) =
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Chart 1.32. Manned Spaceflight Capabiiity — Trace Contaminants

(SEE CHART 1.23)

1.1.3.2.2 TRACE
CONTAMINANTS

!
What are the means of ]
detecting, identifying, |‘
and controfling trace i
contaminants in space- i
craft atmosphere and i
what are their implications® :

-
1.1.3.2.2.2 CONTROLLED | 1.1.3.2.2.4 CATALYTIC
1.1.3.2.21 DumMp LEAKAGE 1.13.2.23 REMOVAL : 0X|DAT|ON

What are the implications and [

the equipment used in dump- | What are the various methods

. i i
ing cabin atmosphere and What are the potential uses w,hat are the various methods catatytic oxidation of trace
i i nd application of controlled oF trace contaminants con- i
what are their potential uses and app trol and what are their contaminants and what are
and etfects on crew, space- leakage? | S > their classifications and
application effects? e
craft and subsystems application effects?
equipment?
(NO CRITICAL (NO CRITICAL (CRITICAL ISSUES {CRITICAL ISSUES

ISSUES DERIVED) ISSUES DERIVED) IN TABLE 1) IN TABLE 1)



ey

Chart 1-33. Manned Spaceflight Capabitity — Humiditv

(SEE CHART 1-23)

1.1.3.2.3 HUMIDITY

What are the means of con-
trolling humidity in space-

craft atmosphere and what
are their implications?

i 1.1.3.23.3
1.1.3.2.3.1.1 DUMP . 1.1.3.2.3.2 CONTROLLED LEAKAGE CONDENSATION/ SEPARATION 1.1.3.2.3.4 REMOVAL
What are the implications and the equip- . What are the various methods of Reference CO2 control by removal.
ment used in dumping cabin at h What are the potential uses idi ; Different sorbers are used for water. In-

. mping P L humidity control by condensation/ TR " .
and what are their potential uses and and application of control- ) . X - cluded are silica gel, molecular sieves, acti-
effects on crew, spacecraft and led leakage? : separation and what are their classifi- vated alumina, barium oxide, magnesium
subsystems equipment. cations and application effects? perchlorate, drierite and calium oxide;

(NO CRITICAL ISSUES DERIVED) (NO CRITICAL ISSUES DERIVED) {NO CRITICAL ISSUES DERIVED)
1.1.3.2.3.3.1 CONDENSATION | 1.1.3.2.3.3.2 SEPARATION
. What are the aspects of humidity control
Reference Cooling/ by separation of water from gases and
Condensation what are the conceptual configura.ions
considered?
(NO CRITICAL ISSUES DERIVED) {CRITICAL ISSUES

IN TABLE 1)




Chart 1-34. Manned Spaceflight Capability — Aerosols

(SEE CHART 1-23)

1.1.3.2.4 AEROSOLS

What are the means of
detecting, identifying, and
controlling aerosols in
spacecraft atmosphere and
what are their implications?

| 1

1.1.3.2.4.3

PE-1-v

1.1.3.2.4.1 DUMP

What are the implications
and the equipment used in
dumping cabin atmosphere
and what are their poten-
tial uses and effects on

1.1.3.2.4.2 REMOVAL

What are the various

methods used in controlling
aerosols in the spacecraft
atmosphere and what are
their potential implications?

CONTROLLED LEAKAGE

What are the potential uses
and application of
controlled leakage?

crew, spacecraft and

subsystems?
(NO CRITICAL ISSUES (NO CRITICAL ISSUES
DERIVED) DERIVED)

1.1.3.2421
FILTRATION

What are the aspects of
aerosol control by filtra-
tion and what are the
conceptual configurations
considered?

(CRITICAL ISSUES IN
TABLE 1)

1.1.3.24.2.2
PRECIPITATION

What are the aspects of
aerosol control by precipi-
tation and what :re the
conceptual confiqurations
considered?

1.1.3.24.23
CENTRIFUGATION

What are the aspects of
aerosol control by centri-
fugation and what are the
conceptual configurations
considered?

(CRITICAL ISSUES IN
TABLE 1)

(CRITICAL ISSUES IN
TABLE 1)

1.1.3.2.4.2.4 OTHER LIFE
SUPPORT CO!L.IPONENTS

Reference trace contaminants,
humidity and/or CO2

removal subsystems for
removal of aerosols.

(NO CRITICAL ISSUES
DERIVED)



Chart 1-35. Manned Spaceflight Capability — Insulation and Radiative Surfaces
(SEE CHART 1-24)

1.1.3.3.1.1
INSULATION

What are the processes involved in passive thermal
control of spacecraft by the use of insulation and what |-
are their potential uses and effects on the crew,

aft and life support and other subsystems?

|

1.1.3.3.1.1.1 HIGH 1.13.3.1.1.2 1.1.33.1.13

VACUUM INSULATION ABLATIVE INSULATION CONDUCTION INSULATION

What are the aspects of thermal What are the aspectsof thermall What are the aspects of passive

lcontrol of spacecraft by theuse control of space cabins by the thermal control of space cabins by

of high vacuum insulation and - |use of ablative insulation and the use of conduction insulation

what are the conceptual what are the conceptual and what are the conceptual
figurations considered? |configurations considered? ) configurations considered?

(CRITICAL ISSUES IN TABLE 1) - (CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1)

LSSV

(SEE CHART 1-24)

1.1.3.3.1.2 RADIATIVE
SURFACES

What are the processes
involved in passive thermal
control of space cabins by
the use of radiative surfaces
and what are their potential
uses and effects on the
crew, spacecraft and life
support and other
subsystems?

1
I B - — ]

1.1.33.1.21 . . 1.1.3.3.1.2.2

- FIXED SURFACES . VARIABLE SURFACES
What are the aspects of ’ . . . What are the aspects of
passive thermal controf by ’ . passive thermal control by
fixed radiative surfaces and . variable radiative surfaces
what are the conceptual and what are the conceptual
configurations considered? . ) configurations considered?

(CRITICAL ISSUES IN TABLE 1) . : - ‘ (CRITICAL ISSUES IN TABLE.1)
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(SEE CHART 1-24)

1.1.3.3.2.1
HEATING SYSTEMS

What are the basic
approaches used in
heating of spacecraft
and should they be
investigated under space
flight conditions?

Chart 1-36. Manned Spaceflight Capability —

Heating Systems

1.1.3.3.2.1.1 HEAT
STORAGE SYSTI:MS

What are the processes
involved in heiit storage
in spacecraft and what
are their poter tial uses
and effects on the crew,
spacecraft and life
support and other
subsystems?

1.1.3.3.2.1.1.1
PHASE CHANGE

What are the aspects of
heat storage utilizing phase
change processes and what
are the conceptual
configurations considered?

{CRITICAL ISSUES IN TABLE 1)

1.1.3.3.2.1.2 FLUID
TRANSPORT SYSTEMS

What are the methods
involved in testing fluid
transport systems and
what are their potential
uses and effects on the
crew, spacecraft and
life support and other
subsystems?

1.1.3.3.2.1.1.2
SINGLE PHASE

What are the aspects of
heat storage utilizing
single phase processes and
what are the conceptual
configuration considered?

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)




(SEE CHART 1-24)

1.1.3.3.2.2
COOLING SYSTEMS

What are the basic
approaches used in cooling
of spacecraft and should
they be investigated under
space flight conditions?

Chart 1-37. Manned Spaceflight Capability ~ Cooling Systems

1.13.3.2.21
HEAT SINK

What are the processes
involved in heat sinks in
thermal control systems

and what are their potential
uses and effects on the crew,
spacecraft and life support
and other subsystems?

1.1.3.3.2.2.2 FLUID

TRANSPORT SYSTEMS

systems in spacecraft and
and effects on the crew,

and other subsystems?

What are the cooling processes
involved in fluid transport

what are their potential uses

spacecraft and life support

DERIVED)

{NO CRITICAL ISSUES
DERIVED)

' [ ' n|
1.1.33.2.2.1.1 1.1.3.3.2.2.1.2 . égl\l:iDsEf\lglil.lG ”221_ 1.1.3.3.2.2.2.2
EVAPORATIVE RADIATIVE COOLING EXCHANGERS CONDENSERS

What are the aspects of What are the aspects of heat What are the aspects of What are the aspects of
heat sink utilization by rejection by active space fluid transport systems humidity and heat rejection
evaporative coolers and radiators and what are the utilizing cabin heat by the use of condensers and
what are the conceptual conceptual configurations exchange equipment and what are the conceptual
configurations considered?. considered? what are the conceptual configurations considered?
configurations considered?
" (NO CRITICAL ISSUES

1.1.3.3.2.2.1.2.1 1.1.3.3.2.2.1.2.2
CONDENSING SINGLE PHASE
What are the aspects of What are the aspects of heat

heat rejection by the use
of condensing radiators and
what are the conceptual

rejection by single phase type
space radiators and what are
the conceptual configurations

configurations considered? considered?

(CRITICAL ISSUES IN
TABLE 1) DERIVED)

(NO CRITICAL ISSUES

(CRITICAL ISSUES
INTABLE 1)
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(SEE CHART 1-25)

1.1.3.4.1 STORAGE/
PRESERVATION

What are the processes
involved in storage/
preservation water manage-
ment and what are their
potential uses and effects on
the crew, the spacecraft, and
the life support and other
vehicle systems.

What are the various methods
used in storage/preservation
of water in spacecrafts?

Chart 1-38. Manned Spaceflight Capability - Water Storage/Preservation

1.1.3.4.1.1 BLADDER
TANK STORAGE

1.1.3.4.1.2 CHEMICAL
PRESERVATION

Has feasibility been estab-
lished for all components and
processes involved in bladder
tank storage processes?

Has feasibility been estab-
lished for all components and
processes involved in chemical
preservation water
management?

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

1.1.3.4.1.3
PASTEURIZATION

How is the pasteurization
process applied to the storage
and preservation of water in
spacecraft systems and what
are its potential uses and
effects on the crew, the
spacecraft, and the life
support and other
subsystems?

(CRITICAL ISSUES IN TABLE 1)




L BELV

(SEE CHART 1-25)

1.1.3.4.2.2 PHASE

CHANGE

Has feasibility been estab-

lished for all components

and processes involved in
 water reclamation by phase

change?

What are the various methods

of water reclamation utilizing

a phase change considered for

spacecraft?

Chart 1-39. Manned Spaceflight Capability — Phase Change

1.1.3.4.2.2.1 AIR
EVAPORATION

What are the aspects of water
recl ion by air evaporation

" process and what are the con-
ceptual configurations
considered?

(CRITICAL ISSUES IN TABLE 1)

1.1.3.4.2.2.3 VAPOR
DIFFUSION COMPRESSION

What are the aspects of water
reclamation by vapor diffu-
sion and what are the concep-
tual configurations considered?

{CRITICAL ISSUES IN TABLE 1)

1.1.3.4.2.25 VAPOR
COMPRESSION

What are the aspects of water
reclamation by vapor com-
pression and what are the
conceptual configurations
considered?

{CRITICAL ISSUES IN TABLE 1}

1.1.3.4.2.2.2 VAPOR
DIFFUSION

What are the aspects of water
reclamation by membrane
diffusion and what are the
conceptual configurations
considered?

(CRITICAL ISSUES IN TABLE 1)

1.1.3.4.2.2.4 VAPOR
PYROLYSIS/CATALYSIS

What are the aspects of water
reclamation by vapor
pyrolysis/catatysis and what
are the conceptual configura-
tions considered?

(CRITICAL ISSUES IN TABLE 1)
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Chart 1-40. Manned Spaceflight Capability — Recovery

(SEE CHART 1-26)

1.1.3.£.4 RECOVERY

Wt at are the waste manage-
ment reclamation processes
considered and what are
their potential uses and
effects on the crew, space-
crift and life support and
otlier subsystems?

l
l i

1.1.3.5.4.1 URINE 1.1.3.5.4.2 FECES/REFUSE

What are the aspects of reclama-
tion of feces and/or refuse by
Reference Water Recovery. " .":';;‘/ d/or biologi ',wm'
methods, and what arevthe
conceptual configurations

considered?
(NO CRITICAL
ISSUES DERIVED)
1.1.3.5.4.2.1 RESIDUE 1.1.3.5.4.2.2 WATER
Reference Food Management. Reference Water Management.
(NO CRITICAL (NO CRITICAL

ISSUES DERIVED) ISSUES DERIVED)
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Chart 1-41. Manned Spaceflight Capability — Atmosphere Contaminants Control

(SEE CHART 1-28)

1.1.3.7.1.2 ATMOSPHERE
CONTAMINANTS CONTROL

What are the various methods
of atmospheric contaminants
control and what are their

" classifications and application
effects?

1.1.3.7.1.2.1 CARBON
DIOXIDE CONTROL

What are the aspects of carbon
dioxide control inside the
spacecraft and what are the
conceptual configurations

. considered?

(SEE CHART .1-23)

1.1.3.7.1.2.2 TRACE
CONTAMINANTS CONTROL

What are the aspects of trace
contaminants control inside
the spacecraft and what are
the conceptual configurations
considered?

(SEE CHART 1-23)

1.1.3.7.1.2.3 AEROSOLS

What are the aspects of aerosol
gpontrol inside the spacecraft
and what are the conceptual
configurations considered?

{SEE CHART 1-23)



(SEE CHART 15}

1.2.1 DATA

MANAGEMENT SUBSYSTEMS Chart 1-42. Manned Spaceflight Capability — Data Management Subsystems

Objective: To develop
and evaluate advanced
data management
components and sub-
systems for long
duration space flight.
Identify and develop
techniques and equip-
ment to permit onboard
processing of experi-
mental data with emphasis
on manned participation.

v

1211 1.2.1.2 1213 1.214 1215
COMPUTERS SPECIALIZED COMPUTER TEMPORARY PERMANENT
DATA PROCESSORS PROGRAMS DATA STORAGE DATA STORAGE

(SEE CHART 147)

(SEE CHART 1-47)

(SEE CHART 1-48)

(SEE CHART 148)

(SEE CHART 149)

1.2.16 1.2.1.7 1.2.18 1.2.19
DATA DATA ONBOARD EV DATA
COLLECTION RETRIEVA! DATA TRANSMISSION TRANSMISSION

(SEE CHART 1.50)

(SEE CHART 1.50)

(SEE CHART 1-51)

(SEE CHART 1.51)




LV

(SEE CHART 1-5)

1.2.2 ELECTRICAL POWER

Chart 1-43. Manned Spaceflight Capability — Electrical Power

Objective: Develop and evaluate

components and subsystems
for providing electrical power to

d d space vehicles. Eval
man’s capability in operating,
controlling, and maintaining such
systems.

1.2.2.1 12.22 1223 1224
SOLAR CELLS BATTERY FUEL CELLS BRAYTON CYCLE
(SEE CHART 1-52) (SEE CHART 1-52)

(CRITICAL ISSUES IN TABLE 1} (SEE CHART 1-53)

1225 1226 1227 12.28
NUCLEAR HEAT SOURCES
RANKINE CYCLE THERMOELECTRIC ' THERMIONICS (Reactors and Isotopes)
(SEE CHART 1.53) {CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1)

l - I | l

1.2.2.10 1.2.2.11

1229

RADIATORS POWER CONDITIONING POWER DISTRIBUTION

(SEE CHART 1-53) (CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1)
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Chart 1-44. Manned Spaceflight Capability — Stabilization and Control

1.2.3 STABILIZATION AND CONTROL

Obiective: Devel

p and eval technology, hardware, and procedures for the

stabilization and control of advanced space vehicles, both rotating (artificial gravity) and
nonrotating, with special emphasis on (1) coarse and fine attitude control, {2) rate

stabilization, (3) station keeping, and (4) fine pointing (Example: large optical telescope
to within 0.01 arc sec).

(SEE CHART 1-5)

123 1232 1233 1234
CONTROL FORCE
FORCE/MOMENT _ SENSORS oMENT / CONTROL SYSTEM
PERTURBATION GENERATORS DESIGN
(SEE CHART 1i-54) (SEE CHART 155)

(SEE CHART 1-56) {SEE CHART 1-57)



St-1-v

(SEE CHART 1-5)

1.2.4 NAVIGATION
AND GUIDANCE

Objective: To develop and
evaluate technology and
equipment for spacecraft
components and sub-
systems with which man
interacts or which are
required to provide man
space flight capabilities.

Chart 1.45. Manned Spaceflight Capability — Navigation and Guidance

1.2.4.1

1.24.2

ATTITUDE AND
POSITION
SENSORS

RENDEZVOUS AND
DOCKING SENSORS

1243

SOFTWARE

1.24.4

1.2.4.5

(SEE CHART 1-67)

(SEE CHART 1-68)

1.2.4.2.1

LASER OPTICAL
RADAR

(CRITICAL ISSUES
IN TABLE 1)

SPACE LOGISTICS
SUPPORT

ONBOARD DATA
PROCESSING

1.2.4.2.2

MICROWAVE RADAR

(NO CRITICAL ISSUES
DERIVED)

(SEE CHART 1-69)

(SEE CHART 1-69)
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(SEE CHART 1-5)

1.2.5 COMMUNICATION
SUBSYSTEMS
co::;:‘::c altbi:;e:zs:ln:e:sa'luate Chart 1-46. Manned Spaceflight Capability — Communications Systems
(Example: Devglop an optical
communications system for
possible application in deep
space where data transmission
rates and bandwidth per unit
power must be optimized,

1.25.1 1.25.2
EMERGENCY SPACE STATION
COMMUNICATION TO/FROM GROUND
SUBSYSTEMS

[ [
| | [ |

1.25.1.1 1.25.1.2 125.2.1 1.25.2.2
AUXILIARY OPTICAL RF METHODS :
REPAIR EMERGENCY SYSTEMS METHODS: RE-ENTRY BLACKOUT
CLOUD COVER
(CRITICAL ISSUES {CRITICAL ISSUES (CRITICAL ISSUES (NO CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1) DERIVED)
1.25.3 1.2.5.4
SPACE STATION SPACE STATION
TO/FROM OTHER TO/FROM DEEP SPACE
SPACECRAFT VEHICLES
1.25.3.1 1.253.2 1.2.5.4.1 1.2.5.4.2
SECURE COMMUNICATIONS WITH OPTICAL
COMMUNICATION: : RF SYSTEMS
EVA ASTRONAUT SYSTEMS
60 GHz RF SYSTEMS s
(CRITICAL ISSUES (CRITICAL ISSUES {CRITICAL ISSUES {NO CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1)

DERIVED)



Ly-i-v

(SEE CHART 142)

1.2.1.1

COMPUTERS

Chart 1-47. Manned Spacefligh!_.Capability - Computers / Data Processors

1.2.1.1

DIGITAL

(CRITICAL ISSUES

1.2.1.1.2

ANALOG

—

1.2.11.3

HYBRID

IN TABLE 1)

{CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1)
(SEE CHART 142}
- 1.2.1.2
SPECIALIZED
DATA
PROCESSORS
1.2.1.2.1 12.1.2.2 12123
CONVERTERS OPTICAL PERSONAL
READERS CALCULATORS
(CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1)
1.2.1.24 1.2.1.25 121286
MULTIPLEXERS TIME AUTOMATIC
GENERATORS DISCRIMINATORS .
. (CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)
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(SEE CHART 1-42)
1.2.1.3
COMPUTER Chart 1-48. Manned Spaceflight Capability ~ Computer Programs / Data Storage
PROGRAMS
1.2.1.3.1 12132 1.2.133
EARTH
ONBOARD ONBOARD
PROGRAMMING AND
PROGRAMMING PROGRAM BANKS PROGRAM BANKS
(CRITICAL ISSUES {CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1)
(SEE CHART 142)
1214
TEMPORARY
DATA STORAGE
1.2.1.4.1 1.2.14.2 12143 12144
'NVESTIGATOR INVESTIGATOR INVESTIGATOR
WRITTEN PHOTOGRAPHIC AUDIO
(CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)

COMPUTER
(CRITICAL ISSUES
IN TABLE 1)

STCRAGE

{CRITICAL ISSUES
IN TABLE 1)



oLy

{CRITICAL ISSUES

INTABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

. {SEE CHART 142) ’ .
1215 Chart 1-49. Manned Spaceflight Capability — Permanent Data Storage
PERMANENT
DATA
STORAGE
1.2.15.1 12152 1.2.153 1.2.154 -
MAGNETIC DIGITAL MICROFILMING MAGNETIC
TAPE PRINTOUT CORES
(CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) . IN TABLE 1) INTABLE 1)
12155 1.2.156 1.2.157
MICROCHEMICAL INVESTIGATOR EARTH
STORAGE STORAGE STORAGE

(CRITICAL ISSUES
IN TABLE 1)
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(SEE CHART 1-42)

1216
Chart 1-560. Manned Spaceftight Capability — Data Collection and Retrieval
DATA COLLECTION
12.1.6.1 1.2.16.2 1.2.16.3 12164
HARD WIRE(S) TELEMETRY LIGHT BEAM(S) AUDIO
FROM EXPERIMENTER
(CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1) iN TABLE 1)
(SEE CHART 142)
1.2.1.7
DATA RETRIEVAL
1
1.2.1.71 1.21.7.2 12173 1.2.1.74
CRT DISPLAYS DIGITAL PRINTOUT ANALOG PLOTTING MICROFILMING
(CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES
(IN TABLE 1) IN TABLE 1} {N TABLE 1}

IN TABLE 1)
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(SEE CHART 1-42)
1218 ’

e

Chart 1-51. Manned Spaceflight Capability — Data Transmission

" TO INVESTIGATOR(S)

TO COMPUTER(S)

TO COMPUTER(S)

TO EXPERIMENT

ONBOARD DATA
TRANSMISSION
12.1.8.1 1.2.1.8.2 1.2.1.83 1.2.1.84 1.2.1.85
EXPERIMENT EXPERIMENT INVESTIGATOR EXPERIMENT INVESTIGATOR

TO INVESTIGATOR

- (CRITICAL ISSUES

IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(SEE CHART 142)

1.2.1.9

EVDATA
TRANSMISSION

(CRITICAL ISSUES
IN TABLE 1)

1.2.1.9.1

1.2.1.9.2

12193

EXPERIMENT
TO INVESTIGATOR

EXPERIMENT
TO COMPUTER(S)

EXPERIMENT
TO EXPERIMENT

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)




cS-L-v

(SEE CHART 143)

1.2.21

SOLAR CELLS

Chart 1-562, Manned Spaceflight Capability — Solar Cells / Battery

-

1.2.21.1

RIGID AND SEMIRIGID
ARRAYS

(CRITICAL ISSUES IN TABLE 1)

1.2.21.2

CELLS

(CRITICAL ISSUES IN TABLE 1)

(SEE CHART 143}

1.222

BATTERY

1.2.2.21

CELLS

(CRITICAL ISSUES IN TABLE 1)

1.22.13

ROLL UP ARRAYS

(CRITICAL ISSUES IN TABLE 1)

1.2.2.2.2

STACKS/MODULES

{CRITICAL ISSUES IN TABLE 1)
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&

Chart 1-563. Manned Spaceflight Capability — Brayton Cycles, Rankine Cycles and Radiators

(SEE CHART 143) (SEE CHART 143)
1.2.24 1.2.25
BRAYTON CYCLE RANKINE CYCLE

1.2.24.1 1.2.24.2 1.225.1 12282
COMPONENT SUBSYSTEM COMPONENT SUBSYSTEM
(CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES (CRITICAL ISSUES
INTABLE 1) IN TABLE 1) IN TABLE 1) IN TABLE 1)
(SEE CHART 143)
1.2.2.9
RADIATORS
1.2.29.1 1.2.29.2 1.2.293
HEAT TRANSPORT
LOOP HEAT PIPE RADIATOR
(CRITICAL ISSUES

(CRITICAL ISSUES

IN TABLE 1) IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)



(SEE CHART 1-44) Chart 1-54. Manned Spaceflight Capability — Force / Moﬁem Perturbation

1.2.3.1

FORCE/MOMENT
PERTURBATION

6LV

1.2.3.1.1 12312

SYSTEMATIC RANDOM

1.2.3.1.1.1 1.2.3.1.1.2 1.2.31.1.3 1.2.31.1.4 1.2.31.15

ATMOSPHERIC GRAVITY GRADIENT SOLAR PRESSURE MAGNETIC LIQUID CIRCULATION
(CRITICAL ISSUES (NO CRITICAL ISSUES (NO CRITICAL ISSUES (NO CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) DERIVED) DERIVED) DERIVED. IN TABLE 1)

1.2.3.1.2.1 1.2.3.1.2.2 1.2.31.2.3 1.2.3.1.2.4 1.2.3.1.25 1.2.3.1.2.6

CREW MOTION HINGE METEOROID VIBRATION DOCKING TETHER

(CRITICAL ISSUES
IN TABLE 1)

(NO CRITICAL ISSUES
DERIVED)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)
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{SEE CHART 1-44)

1.2.3.2
SENSORS Chart 1-55. Manned Spaceflight Capability ~ Sensors

1.2.3.2.1 1.2.3.2.2

INDEPENDENT OF INTEGRAL WITH

EXPERIMENT APPARATUS ) EXPERIMENT APPARATUS

(NO CRITICAL ISSUES DERIVED)
1.23.2.1.1 1.2.3.2.1.2 1.2.3.2.1.3
ATTITUDE RATE ACCELERATION

(CRITICAL ISSUES

(SEE CHART 1-58) IN TABLE 1)

1.2.3.2.1.2.1

GYRO

(CRITICAL ISSUES IN
TABLE 1)

12.3.2.1.2.2

FLUID

{NO CRITICAL ISSUES DERIVED)

1.2.3.2.1.2.3

OTHER

‘NO CRITICAL ISSUES DERIVED)



Chart 1-56. Manned Spaceflight Capability — Control Force / Moment Generators
(SEE CHART 1-44)

1.233

CONTROL FORCE/
MOMENT GENERATORS

1.23.3.2

1.2.3.3.1
PROPULSION DEVICES CONSERVATIVE
SUBSYSTEMS

98- 1-v

(MASS EXPULSION)
1.2.3.3.2.1
1.2.3.3.1.1 313 | | 12331
1.2.33.1.2 123.313 1.2.3.3.1.4 MAGNETIC
OTHER
CHEMICAL ELECTRIC NUCLEAR PROPULSION (CRITICAL ISSUES
SYSTEMS IN TABLE 1)
(SEE CHART 1:59) (SEE CHART 1-60) {SEE CHART 1-61)
1.2.3.3.2.2
PASSIVE
. DEVICES
12.3.3.1.3.1 1.2.3.3.1.3.2 (SEE CHART 162)
SOLID CORE GASEOUS CORE 1.2.3.3.23
(NO CRITICAL ISSUES {NO CRITICAL ISSUES MOMENTUM
DERIVED DERIVE
) D) STORAGE

{CRITICAL ISSUES
IN TABLE 1)



LSL-v

(SEE CHART 144}

Chart 1.57. Manned Spaceflight Capability — Contro! System Design

1.2.3.4
CONTROL SYSTEM
DESIGN
12.3.4. 1.2.3.4.2 1.2.3.4.3 1.2.3.4.4
MODELING CONTROL LOGIC SIMULATION MECHANIZATION
(SEE CHART 1-63)
12.3.4.31 1.23.4.4.1
[ro— jr——
1.2.3.4.2.1 1.2.34.2.2 COMPONENT
_ PERFORMANCE SELECTION
CONTROL LAW
SELECTION ANALYSIS (SEE CHART 1-65) (SEE CHART 1-66)
E CHART 1-64)
SE 1.2.3.4.3.2 12.3.4.42
| .
SYSTEM
T
FACILITIES INTEGRATION
1234211 12:34.2.12 (SEE CHART 165) (SEE CHART 1-66)
ADAPTIVE NONADAPTIVE

(SEE CHART 1-84)

(SEE CHART 1-64)
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(SEE CHART 1-55)

Chart 1-68. Manned Spaceflight Capability — Attitude

1.2.3.2.1.1
ATTITUDE
1.2.3.2.1.1.1 1.2.3.2.1.1.2 1.2.3.2.1.1.3 1.2.3.2.1.1.4 1.2.3.2.1.15
GYRO HORIZON SCANNER SUN SENSOR STAR TRACKER MAGNETIC
FIELD DETECTOR

{CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL !SSUES
DERIVED)

1.2.3.2.1.1.6

1.2.3.2.1.1.7

12.3.2.1.1.8

1.2.3.2.1.1.9

1.2.3.2.1.1.10

EYEBALL

RADAR

RADIO

MAP MATCHING

LASER

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES
DERIVED)
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- (SEE CHART 1-56)

1.23.3.1.1

CHEMICAL

Chart 1-59. Manned Spaceflight Capability — Chemical

|

1233111 12.23.1.1.2 12.3.3.1.1.3 1.2.33.1.1.4
LIQUID SYSTEMS SOLID HYBRID GASEOUS
(NO CRITICAL ISSUES (NO CRITICAL ISSUES
DERIVED) DERIVED)
12.3.3.1.1.1.1 12.33.1.1.12
PROPELLANT STORAGE PROPELLANT 1.2.3.3.1.1.41 1.2.3.3.1.14.2 12.3.3.1.1.43
& MANAGEMENT EXPULSION
STORED COLD AND
N
HOT GASES HEATED CRYOGE D LD
(CRITICAL ISSUES {CRITICAL ISSUES (CRITICAL ISSUES
123311101 123311121 IN TABLE 1) IN TABLE 1) IN TABLE 1)
| ] !
THERMAL - PRESSURIZATION

ENVIRONMENT -

(CRITICAL ISSUES
IN TABLE 1}

1.23.3.1.1.1.1.2

TANK MATERIALS

(CRITICAL ISSUES
IN TABLE 1)

1.2.33.1.1.1.1.3

g

PROPELLANT

[JONITORING

UTILIZATION AND

{CRITICAL ISSUES
IN TABLE 1)

SYSTERS

{CRITICAL ISSUES
IN TABLE 1)

1.233.1.1.1.2.2

EXPULSION
DEVICES

(CRITICAL ISSUES
IN TABLE 1)

1.2.33.1.1.1.23

. GRAVITY EFFECTS

(CRITICAL ISSUES
IN TABLE 1)




09-1-v

{SEE CHART 156)
Chart 1-60. Manned Spaceflight Capability — Electric
1.2.3.3.1.2
ELECTRIC
1.2.3.3.1.2.1 1.2.3.3.1.2.2 1.2.3.3.1.23 1.2.3.3.1.2.4
ION ENGINES PLASMA COLLOID RESISTOJET
{CRITICAL ISSUES {CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)
1.2.3.3.1.2.2.1 1.2.3.3.1.2.31
pr— p—
ARC. JET NEEDLE
(CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)
1.2.3.3.1.2.2.2 1.2.3.3.1.2.3.2
e -
MAGNETOPLASMA-
THIN
DYNAMIC (MPD) suT
(CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)
1.2.3.3.1.2.23

MPD SOLID FUELED

(CRITICAL ISSUES
IN TABLE 1)




19-1-v

(SEE CHART 1-56)

1.233.1.4

OTHER
PROPULSION
SYSTEMS

Chart 1-61. Manned Spacefﬁght Capability — Other Propulsion Systefns

1.2.3.3.1.4.1

BIOWASTE RESISTOJET

(CRITICAL ISSUES
IN TABLE 1)

1.2.3.3.1.4.2

RADIOISOTOPE

(CRITICAL ISSUES
IN TABLE 1)

1.2.3.3.14.3

SUBLIMING SOLID

{CRITICAL ISSUES
IN TABLE 1)



(SEE CHART 156)
ve Devices / Momentum Storage

Chart 1-62. Manned Spaceflight Capability — Passi

1.2.3.3.2.2

PASSIVE DEVICES

1.2.3.3.2.25

1.2.3.3.2.24

1.2.3.3.2.23

1.2.33.2.2.2

1.2.3.3.2.21

FLUID SPRING MASS MASS EXTENSION GRAVITY GRADIENT SOLAR PRESSURE

(NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES

(NO CRITICAL ISSUES
DERIVED)

DERIVED)

(NO CRITICAL ISSUES

(NO CRITICAL ISSUES
DERIVED)

DERIVED)



€9-1-v

(SEE CHART 157)

(NO CRITICAL ISSUES

(NO CRITICAL ISSUES

(CRITICAL ISSUES

(NO CRITICAL ISSUES

DERIVED) DERIVED) IN TABLE 1) DERIVED)
1.2.3.4.1.1.2 1.2.3.4.1.2.2 1.2.3.4.1.3.2 1.2.3.4.1.4.2
GAIN GAIN TORSION ROTATION

{NO CRITICAL ISSUES
DERIVED) :

(NO CRITICAL ISSUES
DERIVED) :

(CRITICAL ISSUES
IN TABLE 1)

1.2.3.4.1.13

1.2.3.4.1.2.3

1.2.34.1.3.3

NONLINEAR EFFECTS

NONLINEAR EFFECTS

DEFORMATION DUE TO
SOLAR HEAT

(CRITICAL ISSUES
IN TABLE 1)

(NO CRITICAL ISSUES
DERIVED)

(CRITICAL ISSUES
IN TABLE 1)

(NO CRITICAL ISSUES
DERIVED)

1.2.3.4.1 )
Chart 1-63. Manned Spaceflight Capability — Modeling
MODELING
1.2.34.1.1 1.2.3.4.1.2 1.2.34.1.3 1.2.34.1.4 1.2.34.15
TORQUERS SENSORS FLEXIBLE BODY RIGID BODY ISOLATION SYSTEMS
(CRITICAL ISSUES
IN TABLE 1)
1.2.3.4.1.11 1.2.34.1.2.1 1.2.3.4.1.3.1 1.2.3.4.1.4.1
— _— - _—
BANDWIDTH BANDWIDTH -BENDING TRANSLATION




YUY

Chart 1-64. Manned Spaceflight Capability — Control Logic
(SEE CHART 157) (SEE CHART 157) (SEE CHART 1.57)
1.2.34.2.1.1 1.2.34.2.1.2 1.2.3.4.2.2
ADAPTIVE NONADAPTIVE ANALYSIS
1.2.34.2.1.1.1 1.2.3.4.2.1.21 1.2.3.4.2.21
ANALOG ‘ ANALOG ESTIMATION OF STATES
(NO CRITICAL ISSUES DERIVED) {NO CRITICAL ISSUES DERIVED) {NO CRITICAL ISSUES DERIVED)
1.2.34.2.1.12 1.2.3.4.2.1.2.2 ) 1.2.3.4.2.2.2
LOOP
DIGITAL DIGITAL PARAMETER SELECTION
(NO CRITICAL ISSUES DE_RIVED) (NO CRl;NCAL ISSUES DERIVED) {NO CRITICAL ISSUES DERIVED)
1.2.3.4.2.1.1.3 1.2.3.4.2.1.2.3 1.2.3.4.22.3
HYBRID HYBRID FREQUENCY RESPONSE
{NO CRITICAL ISSUES DERIVED) {NO CRITICAL ISSUES DERIVED) NO CRITICAL ISSUES DERIVED)

1.2.3.4.2.2.4

FREQUENCY RESPONSE
SENSITIVITY TO

PARAMETER VARIATIONS
{NO CRITICAL ISSUES DERIVED




91V

(SEE CHART 1-57)

1.2.3.4.3.1

{NO CRITICAL ISSUES DERIVED)

{NO CRITICAL ISSUES DERIVED)

(SEE CHART 1-57)

ACCURACY OF
RESPONSE

Chart 1-65. Manned Spaceflight Capability — Simulation
PERFORMANCE
1.2.3.4.3.1.1 1.2.3.4.3.1.2 1.2.3.4.3.1.3
PERFORMANCE SUPPRESSION OF
MEASURES DISTURBANCE EFFECTS

(NO CRITICAL ISSUES DERIVED)

(NO CRITICAL ISSUES DERIVED)

(NO CRITICAL ISSUES DERIVED)

1.2.3.4.3.2
FACILITIES
1.2.3.4.3.2.1 1.23.4322 1.2.34.3.23
ANALOG DIGITAL HYBRID

(NO CRITICAL ISSUES DERIVED)



LY

(SEE CHART 1567)

1.2.3.4.4.1
Chart 1-66. Manned Spaceflight Capability — Mechanization
COMPONENT SELECTION
1.2.3.4.4.1.1 1.2.34.4.1.2
SPECIFICATIONS TRADEOFF STUDIES
(NO CRITICAL ISSUES DERIVED) (NO CRITICAL ISSUES DERIVED)
(SEE CHART 1-57)
1.2.3.4.4.2

SYSTEM INTEGRATION

1.2.34.4.2.1 1.2.3.4.4.2.2 1.2.34.4.23
ALTERNATIVE )
SYSTEMS . SYSTEM SELECTION TESTING

{NO CRITICAL ISSUES DERIVED)

(NO CRITICAL ISSUES DERIVED) (NO CRITICAL ISSUES DERIVED)
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{SEE CHART 1-45)

1.2.4.1

ATTITUDE AND

POSITION SENSORS

Chart 1-67. Manned Spaceflight Capability — Attitude and Position Sensors

1.2.4.1.1

ONBOARD
LASER RANGING

(CRITICAL ISSUES IN TABLE 1)

1.24.1.2

STRAPDOWN
INERTIAL MEASURE-
MENT UNIT

{CRITICAL ISSUES IN TABLE 1)

1.2.4.1.3

MICROWAVE SENSORS

1.24.1.4

OPTICAL SENSORS

(SEE CHART 1-70)

1.2.4.1.3.1

RADAR
ALTIMETER

{CRITICAL ISSUES IN TABLE 1)

1.2.4.1.3.2

NAVIGATION SATELLITE
RANGING

(CRITICAL ISSUES IN TABLE 1)

1.2.4.1.3.3

TRANSPONDER
RANGING

(CRITICAL ISSUES IN TABLE 1)




(SEE CHART 1-45)

89-1V

1.2.4.3

Chart 1-68. Manned Spaceflight Capability — Software
SOFTWARE
1.2.4.3.1 1.2.4.3.2 1.2.4.3.3 1.2.4.3.4 1.2.4.35
ONBOARD ' GUIDANCE,
?llle'E:ls- ERROR ANALYSIS MULTISENSOR CONTROL SYSTEM CHECKOUT STEERING MULTI-
MISSION
(CRITICAL ISSUES

(NO CRITICAL ISSUES

(NO CRITICAL ISSUES

{NO CRITICAL ISSUES
DERIVED)

{NO CRITICAL ISSUES
DERIVED)

(NO CRITICAL ISSUES
DERIVED)

{NO CRITICAL ISSUES {NO CRITICAL ISSUES
IN TABLE 1) DERIVED) DERIVED) DERIVED) DERIVED)
1.2.4.3.6 124.37 1.24.38 1.2.4.39
ORBIT PERTURBATION GUIDANCE
DETERMINATION ORBIT PREDICTION 1ODELS _ SIMULATION

(NO CRITICAL ISSUES
DERIVED)
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(SEE CHART 1-45)

1.2.4.4

SPACE
LOGISTICS SUPPORT

Chart 1-69. Manned Spaceflight Capability — Logistics and Data Pro.cessing

1.2.4.4.1

MULTIMISSION
TARGETING

(NO CRITICAL ISSUES DERIVED)

1.2.4.4.2

GUIDANCE
SIMULATION FOR
VEHICLE FLEET

1.2.4.4.3

(NO CRITICAL ISSUES DERIVED)

MULTIVEHICLE
EPHEMERIS DETERMI-
NATION, ASSIGNMENTS,
STORAGE

(SEE CHART 1-45}

(NO CRITICAL ISSUES DERIVED)

1.2.4.5

ONBOARD DATA
PROCESSING

1.2.4.4.4

RENDEZVOUS
AND DOCKING CONTROL
OF UNMANNED VEHICLE

(NO CRITICAL ISSUES DERIVED)

1.2.4.5.1

' COMPUTER
SIZING

(NO CRITICAL ISSUES DERIVED)

1.2.4.5.2

TIME-SHARING
CAPABILITY

1.2,45.3

{NO CRITICAL ISSUES DERIVED)

SPEED
REQUIREMENTS

{NO CRITICAL ISSUES DERIVED)

1.2.45.4

TRANSLATIONAL
TRACKING OF MODULE

(NO CRITICAL ISSUES DERIVED)



OL-LY

{SEE CHART 1-67)
1.2.4.14
Chart 1.70. Manned Spaceflight Capability — Optical Sensors
OPTICAL SENSORS - - i
1.24.14.1 124142 1.2.4.14.3 1.2.4.1.4.4
KNOWN LANDMARK UNKNOWN LANDMARK
ER N
STAR TRACK ) SUN SENSOR TRACKER TRACKER )
(CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1}
1.24.145 1.24.1.4.6 1.2.4.14.7 1.24.148
HOR1ZON SENSOR STAR MAPPER SPACE SEXTANT PLANET SENSOR
(NO CRITICAL ISSUES DERIVED) (NO CRITICAL ISSUES DERIVED) (NO CRITICAL ISSUES DERIVED) {NO CRITICAL ISSUES DERIVED)



(SEE CHART 1-6)

1.3.1 SPACE LOGISTICS AND
RESUPPLY

Objective: Develop and
evaluate techniques for

cargo transfer (solids and
liquids), personnel transfer, .
space rescue, and data

return (e.g., data capsules)
for long duration space

Chart 1-71. Manned Spaceflight Capability — Logistics, Resupply and Rescue

TR

flight.
1.3.11 13.1.2 1.3.13 1.3.1.4 13.15
INTERFACES OPERATIONS DATA CAPSULES ‘ PERSONNEL RESCUE/EMERGENCY
(SEE CHART 1-76) (SEE CHART 1-77) (CRITICAL ISSUES (SEE CHART 1.78)
IN TABLE 1)

1.3.1.441 1.3.1.4.2
MOBILITY AIDS OPERATIONS SUPPORT
(CRITICAL ISSUES (CRITICAL ISSUES

IN TABLE 1) iN TABLE 1)



ey

(SEE CHART 1-6) Chart 1-72, Manned Spaceflight Capability — Maintenance, Repair and Retrofit

1.3.2 MAINTENANCE, REPAIR
AND RETROFIT

.

Objective: To develop operational
techniques for maintenance and repair

both inside and outside the spacecraft and for
retrofit, particularly that occasioned

by updating of experiments. Evaluate
techniques for experiment installation

in flight and changes in instrumentation

in flight.
1.3.21 1.3.2.2 1.3.2.3
MAINTENANCE REPAIR RETROFIT
(SEE CHART 1-79) (SEE CHART 1-80)
1.3.2.3.1 1.3.2.3.2

MODIFICATIONS

AND REPLACEMENT ADDITIONS
1.3.2.3.1.1 1.3.23.1.2 1.3.2.3.1.3 1.3.2.3.2.1 1.3.2.3.2.2

SYSTEM

SMALL MONO- LARGE INTERFACE
LITHIC COMPONENTS MODULES ELEMENTS ACCESS PREPARATION ASSEMBLY

(SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88)



€LV

(SEE CHART 1-6)

1.3.3 ASSEMBLY AND
DEPLOYMENT

Objective: Develop oper-
ational capability to
evaluate and perform
assembly and deployment
activities in space. Verify
deployment and operation
of light-weight space
structures under actual
operating conditions for

use on future space missions.
Provide technology base for
design and development of
large expandable space
structures. Evaluate man’s
capability in support of
deployment & alignment

of large space structures
(e.g., light weight solar cell
array, parabolic antenna).

Chart 1-73. Manned Spaceflight Capability — Assembly and Deployment

-

1.3.3.1 1.3.32
ASSEMBLY DEPLOYMENT
(SEE CHART 183)
1.3.3.1.1 1.3.31.2
POSITIONING ATTACHMENT
133111 1.3.3.1.1.2 1.3.31.21 133123
ACQUISITION: ALIGNMENT:
MOBILITY, RESTRAINTS TRANSFER, ADJUSTMENT MECHANICAL UMBILICALS
(CRITICAL {SSUES {CRITICAL ISSUES {CRITICAL 1SSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1) IN TABLE 1)
133122 13.31.2.4
, INSULATION/
STRUCTURAL PROTECTIVE COVERS

(CRITICAL ISSUES

IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)



1 7M. S

(SEE CHART 1-6)

1.3.4 MODULE OPERATIONS

Objective: Develop and eval-
uate methods for control, mon-
itoring, connecting, and com-
municating with unmanned
vehicles launched from a
manned space station or
independently launched from
the ground and operating in
conjunction with a manned
space station. Develop and
evaluate techniques for
rendezvous and docking,
remote control and manip-
ulation, communications and
power (e.g., demonstrate the
feasibility of using microwave
or laser energy for wireless
transfer of power from space
station to an unmanned

Chart 1-74. Manned Spaceflight Capability — Module Mission Operations

COMMUNICATIONS

1 EMERGENCY

substation).
1.34.1 1.3.4.2 1343 134.4
DATA MANAGEMENT CONTROL AND GUIDANCE ELECTRICAL POWER
(SEE CHART 1-84)
1.3.4.1.1 1.3.4.3.1 13432 1.3.4.4.1
DATA COLLECTION, SOLAR CELLS FUEL CELL, AND
STORAGE, AND AND BATTERY CHEMICAL DYNAMICS

TRANSMISSION

(SEE CHART 150)

1.34.1.2

] DATA REDUCTION,
RETRIEVAL, AND
PRESENTATION

(SEE CHART 150)

(SEE CHART 152)

(SEE CHART 1-43)

1.3.4.33 1.34.34
POW POWER
:3301':;‘:: ER CONDITIONING, AND
DISTRIBUTION
(SEE CHART 143 (SEE CHART 143)

COMMUNICATION

(SEE CHART 1-486)

1.3.4.4.2

[~ MODULES TO/FROM
SPACECRAFT

(SEE CHART 1-46)

1.3.4.4.3

== MODULES TO/FROM
GROUND

(SEE CHART 1-46)



(SEE CHART 1-6)

OPERATIONS
pLL; ', Tod 0'. ‘. anq luate m,kin.w f°,r Chart 1-75. Manned Spaceflight Capability — Vehicle Support Misgion Operatiohs
G support eq B
space flight missi including habitability operati ‘ ’ T

flight plan maintenance, data management and comput-
ing operations, medical services, film processing
operations, and vehicle control and stabilization
operations.

SL-LY

1.35.1

MEDICAL SERVICES

(SEE CHART 1-85)

1.3.5.2

FOOD MANAGEMENT

(SEE CHART 1-85)

1.353

CONTROL AND
GUIDANCE

(SEE CHART 1-86)

|

1.35.4

DATA MANAGEMENT

(SEE CHART 1-86)

r

1355

‘FLIGHT
OPERATIONS

1356

BIO-WASTE
MANAGEMENT

1357

ELECTRICAL POWER

(SEE CHART 1-87)

1358

COMMUNICATIONS

'(SEE CHART 1-87)

1.3.5.6.1

WASTE COLLECTION

(SEE CHART 1-26)

1.3.6.6.2

WASTE TREATMENT
PROCESSING, AND
PACKAGING

(SEE CHART 1-26)

1.356.63

WASTE DISPOSAL

(SEE CHART 1-26)

1.3.5.5.1

NORMAL
FLIGHT PLAN

{NO CRITICAL ISSUES
DERIVED)

1.355.2

NORMAL
OPERATIONS, CREW
SCHEDULES

{NO CRITICAL ISSUES
DERIVED)

1.355.3

CONTINGENCY
PLANS, AND
PROCEEDURES

(NO CRITICAL ISSUES
DERIVED)

13554

EMERGENCY PLANS,
AND PROCEDURES

" (NO CRITICAL ISSUES
DERIVED)




oL-1-¥Y

(SEE CHART 1-71)

1.3.1.1

INTERFACES

Chart 1-76. Manned Spaceflight Capability — Interfaces

13.1.1.1

DOCKING PORTS

13.1.1.2

(CRITICAL ISSUES IN TABLE 1)

HATCHES/ AIRLOCKS

1.3.1.13

(CRITICAL ISSUES IN TABLE 1}

STORAGE SPACES:
INTERNAL- EXTERNAL

(NO CRITICAL ISSUES DERIVED)

13.1.14

PROXIMITY RESTRAINTS
AND POSITIONING

{CRITICAL ISSUES IN TABLE 1)

13.1.186

UMBILICALS:
FLUIDS, ELECTRICAL

(CRITICAL ISSUES IN TABLE 1)

13.1.16

TRANSFER TUNNELS:
SUPPLIES, GUIDES, MEN

1.3.1.1.7

(CRITICAL ISSUES IN TABLE 1)

OPERATIONS STAGING

(CRITICAL ISSUES {N TABLE 1)




LL--v

(SEE CHART 1-71)

13.1.2

OPERATIONS

Chart 1-77. Manned Spaceflight Capability — Operations ~

13.1.2.1

ACQUISITION:
MANNED, REMOTE

(CRITICAL ISSUES IN TABLE 1)

13.1.22

RESTRAINT/ POSITIONING:
MANNED, REMOTE

(CRITICAL ISSUES IN TABLE 1)

13.1.23

DOCKING:
MANNED, REMOTE

(CRITICAL ISSUES IN TABLE 1)

13.1.24

CARGO TRANSFER:
MANNED, REMOTE

(CRITICAL ISSUES IN TABLE 1)

13125

13.1.26

13.1.27

STORAGE RESUPPLY:
MANNED, REMOTE

DISPOSAL

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

REDEPLOYMENT

{NO CRITICAL ISSUES DERIVED)
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(SEE CHART 1-71)

1.3.15

RESCUE/EMERGENCY

Chart 1-78, Manned Spaceflight Capability — Rescue / Emergency

13.18.1

MONITORING

(CRITICAL ISSUES IN TABLE 1)

1.3.1.5.2

EMERGENCY

(CRITICAL ISSUES IN TABLE 1)

1.3.153

OPERATIONS CONTROL

(NO CRITICAL ISSUES DERIVED

13.1.54

MANNED RESCUE

(CRITICAL ISSUES IN TABLE 1)

13.1.55

1.3.1.5.6

1.3.1.5.7

REMOTE CONTROL

(CRITICAL ISSUES IN TABLE 1)

EJECTABLE CAPASULES

(CRITICAL ISSUES IN TABLE 1)

REENTRY MODULES

(NO CRITICAL ISSUES DERIVED)
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‘(SEE CHART 1-72)

13.2.

1 -

MAINTENANCE

Chart 1-79. Manned Spaceflight Capability — Maintenance

1.3.2.1.1 1.3.21.2 13213
INSPECTION REFURBISHMENT REPLACEMENT
(SEE CHART 1-81)
13.2.1.2.1 1.3.2.1.22 1.3.2.1.2.3 1321.24 1.32.1.25 1.3.2.1.2.6
’ SYSTEMS
OPTICAL INTERNAL JOINTS AND )
AT
SURFACES COATINGS HOUSEKEEPING SEAMS MECHANISMS COMPONENTS AND
L : . ELEMENTS
(SEE CHART 1-88) {SEE CHART 1-88) (SEE CHART 1.88) (SEE CHART 1-88) (SEE CHART 1-88) {SEE CHART 1-88)
1.32.1..1 132112 13.2.1.1.3 132114 132115 1.32.1.1.6
SURFACE : LIFETIME STRUCTURAL/ ALIGNMENT
PROPERTIES LEAKAGE CRITICAL MECHANICAL SYSTEMS CHECKS
COMPONENTS
(SEE CHART 1-88)

{SEE CHART 1-88)

(SEE CHART 1-88)

(SEE CHART 1-88)

(SEE CHART 1-88)

(SEE CHART 1-88)
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(SEE CHART 1-72)

1322
Chart 1-80. Manned Spaceflight Capability — Repair
REPAIR
13221 13222 13223 1.3.2.2.4
SYSTEMS
STRUCTURES
LEAKAGE ELEMENTS AND AND HEAT SHIELDS MECHANICAL
COMPONENTS
(SEE CHART 1-82) (SEE CHART 182)
132231 132232
HEAT SHIELDS:
STRUCTURES ABLATION, HOT SKINS
{SEE CHART 1-88) (SEE CHART 1-88)
132221 132222 132223 132224
ISOLATION ACCESS REMOVAL REPAIR
(SEE CHART 1.88) (SEE CHART 1-88) {SEE CHART 1-88).

(SEE CHART 1-88)
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(SEE CHART 1-79)

1.3.2.1.3
Chart 1-81. Manned Spaceflight Capability — Replacement
REPLACEMENT
1.3.2.1.3.1 132132 1.3.2.1.33 1.3.2.1.34 1.3.2.1.35
INSULATION AND
COMPONENTS SENSORS FILTERS PROTECTIVE ELECTROMECHANICAL
COVERS
(SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88)
1.3.2.1.3.6 : 1.3.2.1.3.7 1.3.2.1.38 ©1.3.21.39
ELASTOMERS THRUSTOR NOZZLES SOLAR PANEL ORDNANCE
(SEE CHART 1-88) . (SEE CHART 1-88) (SEE CHART 1-88)

(SEE CHART 1-88)



T8IV

(SEE CHART 1-80)

1.3.2.2.1
Chart 1-82. Manned Spaceflight Capability — Leakage / Mechanical
LEAKAGE
1.3.2.21.1 1.3.2.2.1.2 1.3.2.2.1.3 1.32.2.14 1.3.2.21.5
DETECTION LOCATION ISOLATION ACCESS REPAIR
(SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88) {SEE CHART 1-88) (SEE CHART 1-88)
(SEE CHART 1-80)
1.3.2.24
MECHANICAL
1.3.2.24.1 1.3.2.24.2 1.3.2.243 1.3.2.244 1.3.2.245
POSITIONING GEARS
HATCHES/ AIRLO DOCKING/ RELEASE MOTION AIDS ORDNANCE DEVICES
S/ CcKs CKING/ AND LINKAGES
(SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88) (SEE CHART 1-88)

(SEE CHART 1-88)
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{SEE CHART 1-73)

1.3.3.2

DEPLOYMENT

Chart 1-83. Manned Spaceflight Capability — Deployment

1.3.3.2.1

- ERECTABLE

(CRITICAL ISSUES
IN TABLE 1)

1.3.3.2.2

MECHANICALLY
DEPLOYED

1.3.3.2.3

1.3.3.24

(CRITICAL ISSUES
IN TABLE 1)

EXPANDABLES

INTERFACES

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)
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(SEE CHART 1-74)

CONTROL AND
GUIDANCE

Chart 1-84. Manned Spaceflight Capability — Controt

1.34.2.1

INERTIAL ORIENTATION
AND RATE
STABILIZATION

1.3.4.2.2

INSTRUMENT INERTIAL
POINTING AND
TRACKING

1.3.423

DISTURBANCES
OF MAN (EVA)

{ .
(CRITICAL ISSUES (CRITICAL ISSUES {CRITICAL ISSUES
IN TABLE 1) IN TABLE 1) IN TABLE 1)
1.34.24 1.34.25 1.3.4.26

LAUNCH/DOCKING
DYNAMICS

{CRITICAL ISSUES
IN TABLE 1)

MAINTENANCE OF
VEHICLE/MODULE
SEPARATION

(CRITICAL ISSUES
IN TABLE 1)

RENDEZVOUS AND
ORBIT KEEPING

(CRITICAL ISSUES
IN TABLE 1)
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(SEE CHART 1-75)

1.35.1

MEDICAL SERVICES

Chart 1-85. Manned Spaceflight Capability — Medical Services / Food Management

1.35.1.1

EXTERNAL/INTERNAL
MEDICINE AND SURGURY

(SEE CHART 1-19)

1.3.5.1.2

DENTAL, EYE
EAR, NOSE AND
THROAT

(SEE CHART 1-19)

(SEE CHART 1.75}

1.35.1.3

NEUROLOGICAL AND
PHYCHOLOGICAL

(SEE CHART 1-19)

1.3.5.2

FOOD MANAGEMENT

1.3.5.14

NURSING, LAB

TESTS, ISOLATION
WARD, AND RECOVERY
FACILITIES

(SEE CHART 1-19)

1.3.5.2.1

PRESERVATION,
STORAGE, EDIBLE AND
POTABLE TESTING,
AND DISPENSING

(SEE CHART 1-27)

1.35.2.2

PREPARATION AND
SERVING FACILITIES

(SEE CHART 1-27}

13523

INVENTORY
CONTROL, AND
DIETARY
MANAGEMENT

(SEE CHART 1-27)

1.35.24

REPACKAGING,
AND DiISPOSAL OF
WASTE

(SEE CHART 1-27)



(SEE CHART 1-75)
1.35.4.

Chart 1-86. Manned Spaceflight Capability — Data Management / Contro!
DATA MANAGEMENT

1.354.1 1.35.4.2 1.354.3 1.3.5.44

DATA COLLECTION, DATA MANAGENENT
REDUCTION, DATA STORAGE SCHEDULING: PRI-
RETRIEVAL, AND AND TRANSHMISSION IMARY VEHICLE AND

PRESENTATION [MODULE(S)
(SEE CHART 1-50)

COMPUTER SYSTELIS
OPERATION AND
MAMNAGEMENT

(SEE CHART 1-47) (SEE CHART 1-42) (SEE CHART 1-42)

gV

(SEE CHART 1-75)

MODULE EXPERILENTS,

1353
CONTROL
AND GUIDANCE
1.35.3.1 1.36.3.2 1.35.33 1.36.3.4 1.35.3.5
INERTIAL INSTRUMENT TRANSLATIONAL MONITORING CONTROL OF
ORIENTATION AND INERTIAL POINTING TRACKING OF MODULE
RATE STABILIZATION AND TRACKING MODULE OPERATIONS AND ENVIRONMENT

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES
IN TABLE 1)

(CRITICAL ISSUES (CRITICAL ISSUES
IN TABLE 1) IN TABLE 1)

(NO CRITICAL ISSUES
DERIVED)
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(SEE CHART 1-75)

1.35.8

COMMUNICATIONS

Chart 1-87. Manned Spaceflight Capability - Electrical Power/Communications

13.5.8.1

EMERGENCY
COMMUNICATION
SUBSYSTEMS

(SEE CHART 1-46)

13582 -

SPACE STATION
TO/FROM
GROUND

(SEE CHART 1-46)

(SEE CHART 1-75)

13583

SPACE STATION TO/
FROM OTHER
SPACECRAFT

(SEE CHART 1-46)

1357

ELECTRICAL POWER

13584

SPACE STATION TO/
FROM DEEP SPACE
VEHICLES

(SEE CHART 1-46)

1.3.5.7.2

FUEL CELLS

(SEE CHART 143)

1.3.5.7.1

SOLAR CELLS,
AND BATTERIES

(SEE CHART 152)

1.3.5.74 1.35.7.6
THERMOELECTRIC, NUCLEAR
THERMIONICS HEAT SOURCES
(SEE CHART 1-43} (SEE CHART 1-43)

1.35.7.3

BRAYTON CYCLE,
RANKINE CYCLE

(SEE CHART 1-563).

1.3.5.75

RADIATORS

(SEE CHART 1-53)

1.3.6.2.7

POWER CONDITIONING
AND DISTRIBUTION

(SEE CHART 1-43)



Chart 1-88. Manned Spaceflight Capability — Maintenance, Repair and Retrofit: Functional Elements

(SEE CHART 1-79)

1.3.2
MAINTENANCE, REPAIR AND RETROFIT:
FUNCTIONAL ELEMENTS

Note: This chart parallels Chart 1-72 and its
derivatives and outlines the functions of man
related to maintenance, repair and retrofit.
Critical issues are found in the charts which
follow

88-1-v

1.3.21

EFFECTIVENESS OF MAN'S
SENSORY PERCEPTIONS

(SEE CHART 1-89)

1.3.23

ALLOCATIONS OF TIME
AND ENERGY FOR
OPERATIONS

(CRITICAL ISSUES IN TABLE 1)

1.3.25

CONTROL OF OPERATIONS
HAZARDS AND
RESIDUALS

(CRITICAL ISSUES IN TABLE 1}

1.3.2.2

LIMITATIONS OF ACCESSIBILITY
AND MOBILITY ON MAN

(SEE CHART 1-90}

1.3.24

DEVELOPMENT
TOOLS AND AIDS

(CRITICAL ISSUES IN TABLE 1)

1.3.26

OPERATIONS
PLANNING

(CRITICAL ISSUES IN TABLE 1)
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SEE CHART 1-88

13.2.1

EFFECTIVENESS OF MAN'S
SENSORY PERCEPTIONS

Chart 1-89. Manned Spaceflight Capability — Sensory Perceptions

1.3.214%

VISUAL

13.2.1.2

1.3.21.3

13214

SMELL

TOUCH

SOUND

(CRITICAL ISSUES IN TABLE 1}

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)
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Y

(‘j T 1/’

Chart 1-90. Manned Spaceflight Capabilities — Accessibility and Mobility Limitations

SEE CHART 1-88
1.3.2.2
LIMITATIONS OF
ACCESSIBILITY AND
MOBILITY ON MAN
1.3.2.2.1 1.3.2.2.2 13.2.23 1.3.2.24
BODY MOBILITY GROUP EFFORT UNRESTRAINED
HAND MANIPULATION WHILE RESTRAINED CAPABILITIES MOBILITY AIDS
(CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1) (CRITICAL ISSUES IN TABLE 1)

(CRITICAL ISSUES IN TABLE 1)
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Appendix B
INTRODUC TION

This appendix presents the series of 3,800 critical issues that comprise the
principal result of the organized overview analysis of objectives for the six
scientific and technical disciplines. The organized overview is described

in Section 2 and graphically displayed in the charts contained in Appendix A.

In order to maintain the traceable indexing system carried through the charts
shown in Appendix A, the numbers are repeated as major headings in Appen-
dix B. Each critical issue thereby retains identity with the objectives and

subobjectives from which it was derived.

The results of further analysis of the critical issues during the latter phases
of the study are combined with the tabulation in this appendix by entering a
code in the margin of the page, specifying the eventual disposition actlon.

Table B-1 explains the code used for this assignment of critical issues.

In using Table B-1 to trace out the disposition, it is helpful to note that the
principal consideration is whether or not the critical issue is addressed in at
least one research cluster. In cases where this has occurred, the identify -
ing serial number of the research cluster is used as the code. The alterna-
tive (2-letter) codes refer to categorical assignments of critical issues not

included in the research cluster descriptions.

A summary of the disposition of the 3, 800 critical issues in the six discip-
lines, according to the coding protocol of Table B-1, is presented in -

Table B-2.

Gaps in the séquence of critical issue numbers in App_e;ndix B repi‘eserit' , 3
scientific and technical areas that were considered in the study but for which

no critical issues were derived.

B0



Table B-1
CODE FOR DISPOSITION OF CRITICAL ISSUES

X-AB-YY

PS

NS

UM

Addressed in Research Cluster No. X-AB-XY

The first number (X) indicates the scientific or technical
discipline, i.e.,

- Manned Spaceflight Capability

- Space Biology

- Space Astronomy

Space Physics

Communications and Navigation
Earth Observations

MU s W =
]

The one- or two-letter code (AB) indicates the subdiscipline
area, e.g.,

BR - Behavioral Research
PP - Plasma Physics Laboratory
A/F - Agriculture, Forest, and Range Resources

The final number (YY) is a sequence number within the sub-
discipline. Thus, 4-PP-3 is the third research cluster in
the Plasma Physics Laboratory subdiscipline of the Space
Physics discipline.

Eliminated by Preliminary Screening

Critical issue considered to be essentially peripheral to the
scope of Earth orbital research. These issues were included
in the report for the ideas that they might stimulate, but were
not analyzed further.

Eliminated: Not an Earth Orbital Research Candidate

Critical issue judged to be more appropriate to research based
elsewhere—terrestrial, sub-orbital, interplanetary trajectories,
extraterrestrial bodies, etc.—after considering the advantages
and disadvantages of various orbits and of the space
environment.

‘Eliminated: Not a Manned Earth Orbital Research Candidate

Critical issue judged to be better suited to automated space-
craft than to manned Earth orbital research facilities, due either
to the inability of man to contribute meaningfully to the research
or to detrimental effects of man's presence.




Table B-1
' CODE FOR DISPOSITION OF CRITICAL ISSUES (Continued)

OP Eliminated: Covered in Ongoing Programs

Critical issue whose research requirements are expected to be
satisfied from the results of programs already in progress or,
firmly planned. '

AC Deferred, Due to Requiremerits for Advanced Concepts

Critical issue for which no experimental approach is currently
available, or for which advanced study or advanced ground-
based developments should precede further programmatic
analysis. '

MS, SB, Principally Concerned with Another Discipline

SA, SP, '

CN, or Critical issue included in the organized overview analysis of a

EO given discipline for the sake of completeness, but which is
actually more germain to another discipline (indicated by
symbol) and is analyzed further in that discipline. '

Table B-2
DISPOSITION OF CRITICAL ISSUES

Discipline Manned Communica-

) Spaceflight Space Space Space tions and Earth

Code Capability Biology Astronomy Physics Navigation Observations Totals
In Research Cluster 785 361 154 154 90 439 1,983
Cluster (X-AB-YY)
" Preliminary 330 0 155 15 0 36 536
Screening (PS) :

Not Earth Orbital 187 0 240 49 ’ 81 137 694
(NS).

Not Manned Earth 0 0 21 23 0 35 79
Orbital (UM)

Covered in Ongoing 72 0 0 0 14. 1 87
Programs (OP) : . .
Requires Advanced 81 2’ 156 0 122 9 370
Concepts (AC)

Referred to Another 13 0 26 3 8 ) 1 51
Discipline

(MS, SB, etc.)

Totals 1,468 363 752 244 315 658 3, 800




Table 1
MANNED SPACEFLIGHT CAPABILITY CRITICAL ISSUES

1.1 SPACE MEDICINE

1.1.1 BIOMEDICINE

1.1.1.1 Physiological Changes

1.1.1.1.1.1 Cardiac Activity
.1 What changes occur in the electrical activity of the heart, 1-8M-4
and what are the mechanisms associated with the changes?

.2 What changes occur in the force of contraction of the heart, 1-8M-4
and what are the mechanisms associated with the changes?

.3 What changes occur in the heart sounds, and what is the 1-8M-4
origin of the changes?

.4 What changes occur in heart size, and what are the reasons 1-8M-4
for the change?

-5 What changes occur in heart rate, and what are the 1-BM-4
mechanisms associated with the changes?

1.1.1.1.1.2 Blood Volume
.1 What changes occur in plasma volume, and what are the 1-8M-4
mechanisms associated with the changes?

.2 What changes occur in total body water, and what are the 1-8M-4
mechanisms associated with the changes?



1.1.1.1.

-~ What changes occur in extracellular fluid volume, and"

what are the mechanisms associated with the chan.ges?

.What changes occur in RBC mass, and why do the

changes occur?

What changes occur in the amount of blood flow through
various areas, and what is the origin of the changes?

What changes occur in venous pressure, compliance, and
stasis, and how are the changes brought about?

1.3 Circulatory Dynamics

- What changes occur in cardiac output, and what are

the mechanisms associated with the changes?

What changes occur in circulation time, and what are
the mechanisms associated with the changes?

What changes occur in pulse wave velocity, and what
is the significance of the changes?

What changes occur in arteriolar reactivity, and what
mechanisms are associated with the changes?

What changes occur in blood pressure, and what are
the mechanisms associated with the changes?

1.1.1. 1. 1.4 Compensatory Reflexes

What changes in normal circulatory compensatory
activities are associated with exercise, and how are these
changes manifested?

What changes in normal circulatory compensatory
activities are associated with centrifugation (+G
acceleration)?

What changes in normal circulatory compensatory
activities are associated with the production of lower body
negative pressure, and how are the changes manifested?

What changes in normal circulatory compensatofy
activities are associated with the use of occlusive
pressure cuffs, and how are the changes manifested?

1.8M-4,-10
1:8M-4,-10
1.BM-12

1-BM-4,-12

1-BM-4,-6,
-12,-15

1-BM-4

1-BM-4

1-8M-4

1-8M-4,-6,
-16

1.8M-6,-14

1-BM-16

1-BM-4,-6

1-BM-4



.5 What changes in normal circulatory compensatory
activities are associated with environmental stresses
(see 1.3)7

1.1.1.1.1.5 Blood Gas Transportation

.1 What changes occur in blood gas transportation, and
what are the mechanisms associated with the changes?

1.1.1.1.2.1 Pulmonary Function

.1 What changes occur in vital capacity and its compo-
nents, and what mechanisms are associated with the
changes?

.2 What changes occur in residual volume, and what
mechanisms are associated with the changes?

.3 What changes occur in dead-space volume, and what
mechanisms are associated with the changes?

.4 What changes occur in inspiratory and expiratory
flows and pressures, and what mechanisms are associated
with the changes?

.5 What changes occur in lung compliance, and what
mechanisms are associated with the changes?

.6 What changes occur in normal pulmonary ventilation,
and what mechanisms are associated with the changes?

-7 What changes occur in normal respiratory rate, and
what mechanisms are associated with the changes?
1.1.1.1.2.2 Gas Exchange and Transportation
.1 What changes occur in the alveolar gas contents, and
what mechanisms are associated with the changes?
.2 What changes are associated with arterial and venous

oxygen and carbon dioxide tensions, and what mechanisms
are associated with the changes?
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.3  What changes are associated with arterial and venous 1-8M-10,-13
" blood pH, and what mechanisms are associated with the
changes?

.4 What changes are associated with the oxygen-carrying - ‘ 1-8M-10,-13

capacity of the blood and with hemoglobin saturation (see
1.1.7)?

1.1.1.1.2.3 Respiratory Control Mechanisms

.1 What changes occur in breath-holding time, and what 1:8M-13
mechanisms are associated with the changes? ' '

.2 What changes in normal pulmonary ventilation adjustments 1-8M-6
are associated with exposure to increased environmental
CO2 levels?

.3 What changes in normal pulmonary ventilation adjustments 1-BM-6,-14

are associated with exercise?

.4 What changes in normal pulmonary ventilation adjustments 1-8M-6
are associated with exposure to reduced environmental
oxygen levels?

.5 What changes in respiratory compensatory activities are 1-8M-6
associated with other environmental stresses?

1.1.1.1.2.4 Ciliary Activity

.1 What changes occur in the ejection of foreign particles 1-BM-5
from the respiratory tract by ciliary activity?

.2 What changes occur in the susceptibility to infection se
due to changes in ciliary activity?

1.1.1.1.3.1.1 Otolith Activities

.1 What changes occur in the susceptibility to motion 1-BM-7,-15
sickness, and what are the mechanisms associated with
the changes? -



.2 What changes occur in spatial orientation, and what 1-8M.7,
illusions are associated with the changes? 12,15

.3 What changes occur in sensitivity to linear accelera- 1-8M-7,
. . . . 12
tion, and what are the mechanisms associated with the 18
changes?

.4 What changes occur in the incidence of oculogravic 1-BM-7,-15
and oculoagravic illusions associated with exposure to
linear accelerations?

.5 What changes occur in ocular counterrolling, and 1-BM-7
how are these related to changes in spatial orientation in
weightlessness ?

.6  What changes occur in the direction and intensity of AC
Positional Alcoholic Nystagmus (PAN), and what
mechanisms are associated with the changes?

1.1.1.1.3.1.2 Semicircular Canal Activities

.1 What changes occur in the susceptibility to motion 1-BM-7,-15
sickness associated with rotation in zero g, and what are
the mechanisms associated with the changes?

.2 What changes occur in sensitivity to angular accelera- 1-BM-7,-15
tion, and what are the mechanisms associated with the
changes?

.3 What changes occur in the incidence and intensity of 1-BM-7,-15
the oculogyral illusion and nystagmus during rotation in
weightlessness, and what are the mechanisms associated
with the changes?

.4  What effects do the Coriolis '"forces" produced by 1-BM-15
rotation in zero g have on the precision of limb and body
movements ?

.5 What changes occur in spatial orientation during rotation 1-BM-7,-16
in zero g, and what are the mechanisms associated with
the changes?

1.1.1.1. 3.2 Nerve Impulse Transmission

.1 What changes occur in an isolated nerve resting PS
potential, and what are the mechanisms associated with
the change?



.2 What changes occur in the threshold characteristics
of isolated nerve fibers, and what are the mechanisms
associated with the changes?

.3 What changes occur in the characteristics of nerve
impulse transmission in isolated nerve fibers, and what
are the mechanisms associated with the changes?

.4 What changes occur in the characteristics of nerve
impulse transmission at the synapse, and what are the
mechanisms associated with the changes?

.5 What changes occur in the characteristics of facilitation
and inhibition at the synapse, and what are the mechanisms
associated with the changes?

.6  What changes occur in the chronaxic, and what are
the mechanisms associated with the changes?

1.1.1.1.3.3 Electroencephalographic Changes

.1 What changes occur in the normal (alpha) rhythms
associated with the resting awake state, and how are
these differences manifested?

.2 What changes occur in the mechanisms of "alpha
blocking' associated with electroencephalographic
arousal, and how are the changes related to objective
manifestations of attention?

.3 What changes occur in the EEG patterns associated
with sleep, and how are the changes related to subjective
feelings and objective evidence of sleep quality?

.4 Do any EEG rhythms not included in the subject's normal

patterns occur, and can these be related to personality or
performance changes?

1.1.1.1. 3.4 Sensory Function

(The analysis of this topic is covered in Behavioral Research - Sensory
1.1.2.1. 1. 1.)

1.1.1.1.3.5 Motor Performance

(The analysis of this topic is covered in Behavioral Research - Psychomotor'
1,1.2.1.1,2.)
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1.1.1.1.3.6 Reflex Activity
1.1.1.1.3.6.1 Skeletal Muscle Reflexes

.1 What changes occur in the extensor reflexes, and can
the changes be related to changes in general myotatic
activity? :

.2 What changes occur in the withdrawal reflexes, and
can the changes be related to changes in neural or synaptic
transmission?

.3 What changes occur in reflex responsiveness or reflex
spreading, and what mechanisms are associated with the

changes?

.4 What changes occur in reflex inhibition, and what are
the mechanisms associated with the changes?

.5 What changes occur in complex reflex patterns, and
what are the mechanisms associated with the changes?
1.1.1.1.3.6.2 Autonomic Reflexes
.1 What changes occur in circulatory reflexes, and what
are the mechanisms associated with the changes?

.2 What changes occur in visual reflexes, and what are
the mechanisms associated with the changes?

.3 What changes occur in respiratory reflexes, and what
are the mechanisms associated with the changes?

.4 What changes occur in gastrointestinal reflexes,
and what are the mechanisms associated with the changes?

1.1.1.1.3.7 Integrative and Cognitive Processes

(The analysis of this topic is covered in Behavioral Research - Cognitive,
1.1.2. 1. 1.3.)

1.1.1.1.4.1 Gastrointestinal Motility

-1 What changes occur in the processes of chewing and
swallowing, and do the changes interfere with food
consumption?
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1.1.1.1.

What changes occur in gastric motility, and to what
extent do these changes influence gastric digestion of
the foodstuffs?

What changes occur in gastric emptying time, and to .
what processes are these changes related?

What changes occur in the motility of the small
intestine, and to what extent will these changes influence
digestion of foodstuffs in the small intestine?

What changes occur in movements of the colon, and
what effect do the changes have on fecal formation and
defecation?

Do changes in gastric motility affect the incidence of
nausea and the mechanics of vomiting?

4.2 Secretory Processes

.1

1.1.1.1.

What changes occur in salivary secretion, and what
effects do the changes have on salivary digestion?

What changes occur in gastric secretion, and what
effects do the changes have on gastric digestion?

What changes occur in pancreatic secretion, and what
effects do the changes have on digestion within the small
intestine ?

What changes occur in the secretion of bile, and what
effects do the changes have on fat digestion?

What changes occur in intestinal secretion, and what
effects do the changes have on digestion in the small
intestine ?

Do changes in gastric secretion produce an increased
incidence of hyperacidity and other gastric disturbances?

4.3 Digestive Processes

What changes occur in the digestion of carbohydrates,
and what secretory changes are primarily responsible?

What changes occur in the digestion of fats, and what"
secretory changes are primarily responsible ?
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.3 What changes occur in the digestion of proteins, and
what secretory changes are primarily responsible?

.4 What changes occur in salivary digestion, and what
effects do the changes have on the utilization of
carbohydrates?

.5 What changes occur in the general digestion of food-
stuffs, and how are these changes related to changes in
gastric secretion?

.6 What changes occur in the general intestinal digestion
of foodstuffs, and how are these changes related to
changes in pancreatic, bile, and intestinal secretions?

1.1.1.1.4.4 Gastrointestinal Absorption

.1 What changes occur in absorption of substances from
the stomach, and how are these changes related to changes
in gastric digestion and empyting?

.2 What changes occur in the intestinal absorption of
water and electrolytes, and what are the mechanisms
associated with the changes?

.3 What changes occur in the absorption of water and
electrolytes from the colon, and what are the mechanisms
associated with the changes?

.4 What changes occur in the intestinal absorption of
carbohydrates, and what are the mechanisms associated
with the changes?

.5 What changes occur in the intestinal absorption of
fats, and what are the mechanisms associated with the
changes?

.6 What changes occur in the intestinal absorption of
protein, and what are the mechanisms associated with the
changes?

1.1.1.1.4.5 Biliary and Liver Function

.1 What changes occur in the quantity and composition
of the bile secreted by the liver, and what are the
mechanisms associated with the changes?

.2 What changes occur in the concentration of liver bile

by the gall bladder, and what are the mechanisms
associated with the changes?
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.3 What changes occur in the release of bile from the : Ac
gall bladder into the duodenurn, and what are the
mechanisms associated with the changes?

1.1.1.1.4.6 Gas Formation and Management

.1 What changes occur in the accumulation of gas in the . 1-8M8
stomach, and are the changes directly related to changes '
in the amount of swallowed gas?

.2  What changes occur in the disposition of gas in the 1-8M8
stomach, and do the changes result in changes in
eructation, borborygmi, or gastric discomfort?

.3 What changes occur in the amount of gas in the colon, 1-8M-8
and do the changes result from changes in swallowed gas
residue or from a change in gas formed in the colon?

.4  What changes occur in the disposition of gas in the 1-BM-8
colon, and do the changes result in a change in the
amount and composition of flatus or feelings of abdominal
discomfort?

1.1.1.1.4.7 Fecal Management
.1 What changes occur in the composition and character _ 1-8M-8
of the feces, and to what functions are the changes related?
.2 What changes occur in the volume of the stool and the 1-BM38
frequence of defecation, and to what functions are the
changes related?
.3 Do changes in the formation and release of feces necessitate 1-8M-8
any changes in the design of the waste management system?
1.1.1.1.4.8 Control of Hunger and Thirst
.1 What changes occur in appetite or hunger, and what 1-8M-8
are the mechanisms associated with the changes?
.2 What changes occur in hunger satiation and food 1-BM8
intake, and what are the mechanisms associated with

the changes?

.3 What changes occur in food preference, and can 1-8M-8
preference trends be established among the subjects?
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1.1.1.1.

1.1.1.1.

What changes occur in the ad libitum intake of water,
and how are the changes related to normal hydration?

Do changes that occur in the control of hunger and thirst
necessitate changes in the size and frequency of meals
and the establishment of a programmed water intake?

5.1 Kidney Function

What changes occur in glomerular filtration, and what
are the mechanisms associated with the changes?

What changes occur in tubular reabsorption, and what
are the mechanisms associated with the changes?

What changes occur in tubular secretion, and what
are the mechanisms associated with the changes?

What changes occur in total renal blood flow, and
what are the mechanisms associated with the changes?

5.2 Urine Composition

What changes are evident in a routine urinalysis, and
can the changes be related to deleterious effects of
prolonged weightlessness?

“What changes occur in the volume, pH, and electrolyte

content of the urine, and can the changes be related to
changes in the body's fluid and electrolyte balance?

What changes occur in urine concentration by the
kidney during water curtailment, and how do the volume

and composition of the concentrated urine compare with that

of ground-based studies?

What changes occur in the volume and composition of
urine produced during controlled water diuresis, and how

do they compare with diuresis during ground-based studies?

What changes occur in the volume and composition of
urine produced during the administration of an osmotic
diuretic, and how do they compare with ground-based
experiments ?

What changes occur in body fluid volume, distribution,

and electrolyte concentration during urinary concentration

and dilution?
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1.1.1.1.5.3 Bladder Control and Micturition

.1 "What changes occur in the bladder volume and
pressure that initiate voluntary micturition, and what
mechanisms are associated with the changes?

.2 What changes occur in the force with which urine is
expelled from the uretha, and what mechanisms are
associated with the changes?

.3 Do changes in the frequency, volume, and character of

micturition necessitate any changes in the design of the
. water management system?

1.1.1.1.5.4 Tissue Hydration
.1  What effects do changes in excretory function have on

total body water?

.2  What effects do changes in excretory function have on
extracellular fluid volume?

.3 What effects do changes in excretory funct1on have on
plasma volume?

.4 What effects do changes in excretory function have on
red blood-cell size (diameter)? '

1.1.1.1.5.5 pH of Body Fluids

.1  What effects do changes in excretory function have on
the pH of the blood ? ‘ e

.2 What effects do changes in excretory function have on
pH regulation during chronic hypercapnia?

.3 What effects do changes in excretory function have on
pH during chronic hyperventilation?

1.1.1.1.6.1 Intermediary Metabolism

1.1.1.1.6.1.1 Carbohydrate Metabolism

.1 What changes occur in normal blood and urine glucose levels,
and how do these vary over a routine 24-hour period?
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1.1.1.1.

1.1.1.1.

What changes occur in the response to glucose
tolerance tests, and are the changes more pronounced
when glucose is administered orally or intravenously?

e utilization associated

What changes occur in gluco
t RQ's are associated with the

oavar~iace A T~
“”*1’1 exercgise, ant waa

utilization?

m 0

What changes occur in the response to insulin administration,
and how are the changes related to liver glycogen stores?

What changes occur in the results of golactose tests, and how
are the changes related to glycogen production in the liver?

6.1.2 Fat Metabolism

What changes occur in the normal concentration and
types of plasma lipids, and how are these changes related
to altered lipid metabolism? \
What changes occur in the adipose tissue mass of the
crewmen, and what mechanisms are associated with the
changes?

What changes occur in the respiratory quotient and

in the development of ketosis during carbohydrate
deprivation, and how are these changes related to ground-
based experiments?

6.1.3 Protein Metabolism

What changes occur in the results of tests commonly
used to reveal malfunction in protein metabolism and
associated liver.function, such as electrophoresis,
flocculation or precipitation tests, albumin-globulin
ratios, and serum cholinesterase levels.

What changes occur in nitrogen balance, and how are
the changes related to muscular deconditioning?

What changes occur in lean body mass, and how are
the changes related to muscular deconditioning?

Do any indications of edema occur with prolonged
exposure to welghtlessness, and can these be corrected

. with reductions in plasma protein levels?
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.5 What changes occur in protein metabolism during

1.1.1.1.

strenuous exercise, and how are the changes related to
normal exercise respiratory quotients?

6.2 Energy Metabolism

.1 What changes occur in the metabolic cost of defined

work loads in the categories of moderate, hard, and
strenuous work, and to what extent are the changes
related to bracing in the tractionless environment?

.2 What changes occur in the accumulation of oxygen

debts associated with defined metabolic loads, and what
are the mechanisms associated with the changes?

.3 What changes occur in the maximal oxygen consumption

in weightlessness, and to what extent do the changes limit
spacecraft work loads?

.4 What changes occur in standard physical fitness measure-

l.1.1.1.

ments, and how are the changes related to muscular
deconditioning?

6.3 Muscle Size and Strength

.1  What changes occur in dynomometer measurements of

various muscles, and what is the relationship of the
changes to changes in protein metabolism?

.2 What changes occur in muscle size in various areas of

the body, and what is the relationship of the changes to
changes in protein metabolism?

.3 What changes occur in the electromyogram of muscles,

1.1.1.1.

both at rest and during measured contractions?

6.4 Calcium and Phosphorous Metabolism

.1 What changes occur in the blood and urine levels of

calcium and phosphorus, and serum alkaline phosphatase,
and what are the mechanisms associated with the changes?

.2 What changes occur in the density of various bones, and

how does each correlate with the overall changes in the
density of the skeletal system?

.3 Do stresses such as exercise or centrifugation alter the changes

in calcium-phosphorus metabolism and bone density?
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.4 Do changes in dietary calcium alter changes in calcium

1.1.1.1.

1.1.1.1.

metabolism, and what is the relationship to bone density
changes?

6.5 Metabolic Balance

What changes occur in metabolic balance, and can the
changes be attributed to specific changes in intermediary
metabolism?

Can changes in dietary components alter changes in
metabolic balance, and how do the changes affect space-
flight nutritional requirements?

7.1 Element Morphology

What changes occur in the size, color, shape, and
volume of the erythrocytes, and what are the mechanisms
associated with the changes?

What changes occur in the percentage of juvenile cells,
and what are the mechanisms associated with the changes?

What changes occur in the total number and percentage
of types of leukocytes, and what are the mechanisms
associated with the changes?

What changes occur in blood platelet count, and what
are the mechanisms associated with the changes?

1.1.1.1.7.2 Element Dynamics

What changes occur in erythrocyte fragility, and what
are the mechanisms associated with the changes?

What change occur in the erythrocyte production rate,
and what are the mechanisms associated with the changes?

What changes occur in the erythrocyte life span, and
what are the mechanisms associated with the changes?

What changes occur in the hemoglobin content and

oxygen-combining capacity of the blood, and what
mechanisms are associated with the changes?
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.5

What changes occur in the motility and phagocytic activity
of the leukocytes, and what are the mechanisms associated
with the changes? :

1.1.1.1.7.3 Blood Clotting and Hemostasis

What changes occur in clot formation in the blood, what
are the mechanisms for the changes, and what is the
effect on clotting time?

What changes occur in clot retraction, what are the
mechanisms associated with the changes, and what is the
effect on bleeding time?

What changes occur in the fibrinolytic activity of the blood,
what are the mechanisms associated with the changes, and
what is the effect on intravascular clotting (thrombosis)?

1.1.1.1.7.4 Plasma Proteins

What changes occur in the total plasma albumine and
globulin and the A-G ratio, and what effect do the changes
have on plasma osmolarity.?

What changes occur in plasma protein formation, and how
are the changes related to protein metabolism and liver
function? :

What changes occur in plasma fibrinogen, and what is
the effect on the clotting mechanisms?

What changes occur in the percentages of the various
globulin fractions, and how will changes in a globulin
affect antibody formation?

What changes occur in serum electrolytes, and what are
the mechanisms associated with the changes?

1.1.1.1.7.5 Immunological Changes |

What changes occur in the amount and type of serum immune

components ?

What changes occur in immune reactions to a microbiological
challenge? '
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1.1.1.1.8.1 Hormone Synthesis and Release

.1  What changes occur in the normal blood levels of the : - 18M-10
various hormones, and how are the changes related to
changes in hormone-controlied functions?

.2 What changes occur in the chemical structure of the 1-8M-10
hormones synthesized by the various endocrine glands,
and what effects will result in hormone activity in
bioassay studies?

1.1.1.1.8.2 Effects on Target Tissues

.1 What changes occur in the effects of the various sB
stimulating hormones released by the pituitary gland on
the various target endocrine glands?

.2 What changes do the administration of calibrated amounts se

of various hormones have on the activities of the normal
target organs and tissues of the hormones?

1.1.1.1.8.3 Endocrine Regulation

.1 What changes occur in the normal levels and activity AC
of endocrine-stimulating hormones released by the
pituitary?

.2 What changes occur in the normal alteration and release AC

of stimulating hormones by the pituitary gland with hormone
administration?

.3 What changes occur in the release of hormones by the AC
various endocrine glands with varying blood levels of
stimulating hormones?

.4 What changes occur in the normal feedback relationship 1-8M-10

between endocrine activity and the blood levels of control
substances other than pituitary hormones?

1.1.1. 1.9 Reproductive Function

Note—It is not supposed that experiments in this area will be included in

currently considered space programs.
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1.1.1.2.

1.1.1.2.

What changes occur in spermatogensis, oogen'e's_is," and
ovulatory function, and what are the mechanisms associated
with the changes? '

What changes take place in the process of copulation and
fertilization and what are the reasons for the changes?

What changes take place in fetal development and what are
the mechanisms associated with the changes?

What changes occur in the process of parturition and what
are the mechanisms associated with the changes?

1.1 Routes of Drug Administration

Do changes in dermal metabolism or skin blood flow produce

any changes of absorption in topically administered drugs?

Do changes in gastrointestinal activity produce any changes
in the absorption or orally administered drugs?

Do changes in circulatory activity or body fluid balance
produce any changes in the effectiveness of systemically
administered drugs, including intravenous, intramuscular,
intraperitoneal, intradural, and subcutaneous routes of
administration?

Do changes in respiratory function produce any changes in
the absorption of drugs administered by inhalation?

1.2 Drug Action

Do any changes occur in the dose-effect relationship of drugs,

" and what is the nature of the changes?

Do any changes occur in the site of action or selectivity
of drugs, and what is the nature of the changes?

Do any changes occur in the duration of drug action, and
what is the nature of the changes?

Do any changes occur in the metabolic fate of drugs, and
what is the nature of the changes?
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.5 Do any changes occur in the renal elimination of drugs, AC
and what is the nature of the changes?

.6 Do any changes occur in the toxicity and side effects of Ac
drugs, and what is the nature of the changes?

.7 Do any changes occur in the interactions or idiosyncrasies ' AC
of drugs, and what is the nature of the changes?

NOTE: FEach of the seven questions under 1.1.1.2.1.2 should be applied to
at least one member of each of the general classes of drugs. If changes are
found, additional members of the class may be investigated. Examples of

general drug classes are as follows:

a. Drugs that affect muscle tissue
1. Cardiac muscle stimulants
2. Cardiac muscle depressants
3. Skeletal muscle stimulants

4. Skeletal muscle depressants
b. Drugs that affect blood

1. Hematinics

2. Anticoagulants

3. Hemostatics

4. Plasma volume expanders

c. Drugs that affect blood vessels
1. Coronary vasodilators
2. Systemic vasodilators
3. Systemic vasoconstrictors

d. Drugs that affect the central nervous system
Analgesics

Counterirritants

Sedatives

Hypnotics

Tranquilizers

Psychomotor stimulants
Psychotomimetics

Anticonvulsants

Anesthetics

[ NG B B = AT ¥ B N O A
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Antimotion sickness drugs
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1.1.1.2.

Drugs that affect-thé autonomic nervous systvem
I~ Cholinergic agents

2. Cholinergic inhibitors

3. Cholinergic blocking agents

4. Adrenergic agents

5. Adrenergic blocking agents

Drugs that affect vision i
1. Pupillary dilators and constrictbrs
2. Drugs affectifg visual accommodation

Drugs that affect the liver and gall bladder
1. Choleretics

2. Chologogues

Drugs that affect gastrointestinal function
1 Antacids

2 Emetics

3. Antiemetics

4 Catharits

5. Carminatives

Drugs used as chemotherapeutic agents

Drugs replacing or mimicking a functional product of the body

1. Enzymes
2. Hormones
3.  Vitamins 0“5

Miscellaneous drugs
1. Antipyretics
2. Expectorants

3. Antihistamines

2 Microbial Infections

.1 What changes occur in the number of types of microbidl forms

contaminating spacecraft surfaces?

.2 What changes occur in the number and types of microbial forms

contaminating the spacecraft atmosphere?

.3 What changes occur in the number and types of microbial forms

revealed by a mlcroblal evaluation of crew membel;s'?
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1.1.1.2.3

1.1.1.2. 4

Do changes in respiratory function cause the crew members
to become more susceptible to microbial infection?

Are changes produced in the normal characteristics and
properties of microbial forms during prolonged exposure to
weightlessness?

Are changes in sanitary procedures necessitated by changes
in microbial activities during prolonged weightlessness?

Traumatic Injuries

What changes occur in the healing rates for lacerations,
contusions, and abrasions, and what mechanisms are
associated with the changes?

What changes occur in the healing rates for burns, and
what mechanisms are associated with the changes?

What change occur in the rates for fracture healing, and
what mechanisms are associated with the changes?

What changes occur in the healing rates of cold injury,
and what mechanisms are associated with the changes?

What changes occur in the healing rates of lung trauma
and related decompression-induced injuries, and what are
the mechanisms associated with the changes?

What changes occur in the healing and recovery rates of
eye injuries and foreign body problems, and what are the
mechanisms associated with the changes?

Will the changes that occur in the healing process following
noninfectious traumatic injuries necessitate any revisions
in the treatment of the injury or the disposition of the
injured crewman?

Diagnostic Signs

Can any of the changes observed to occur in relation to
physiological deteriorations produced by prolonged
exposure to zero g be used as a trustworthy indicator
of the onset of the deterioration?
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.2 Can the variables normally measured in a routine - : 1-8M-4,
physical c¢xamination still be used as indicators of the ' 7,13
general health of the subject after prolonged exposure
to zero-g?

1.1.1.2.5,1 Artificial Gravity

.1  What is the magnitude of artificial gravity required to AC
prevent the occurrence of deleterious biomedical changes?

.2  How much time per day must be spent in an artificial AC
gravity) environment to prevent the occurrence of
deleterious biomedical changes?

|

1.1, 1.2,5.2 Exercise

.1  What form of exercise is best suited to the prevention of 1-BM-6
the occurrence of deleterious biomedical changes?

.2 How much time per day must be spent on the exercise 1-BM-6
program to prevent the occurrence of deleterious
biomedical changes?

1.1.1.2.5,3 Centrifugation

.1  What centrifugation profile is most effective in preventing 1-8M-15
the occurrence of deleterious biomedical changes?

.2 How much time per day must be spent in centrifugation to 1-8M-18
preven% the occurrence of deleterious biomedical changes?

1.1.1.2.5.4 Redistribution of Blood Volume ' . ' : 1-8M-6

2

.1 Can a periodic redistribution of blood volume by devices,
such as the lower body negative pressure device and occlusive
garments or cuffs, or by increasing intrathoracic pressure, .
be used to prevent cardiovascular deconditioning?

'B-1-26



1.1.1.2.5.5 Drug Administration " ac

.1 Can the administration of drugs or chemicals prevent the
occurrence of deleterious biomedical changes?

1.1.1.2.5.6 Stress Acclimatization

.1 Can adaptation to a reduced oxygen pressure (hypoxia) in AC
the spacecraft atmosphere prevent the occurrence of
deleterious biomedical changes?

.2 Can adaptation to a high temperature (hyperthermia) in the AC
spacecraft environment prevent the occurrence of deleterious
biomedical changes?

.3 Can adaptation to a high carbon dioxide pressure (hyper- AC
capnia) in the spacecraft atmosphere prevent the occur-
rence of deleterious biomedical changes?

1.1.1.2.5.7 Reversal of Change 1-BM-6

.1 Can any of the measures found effective in preventing the
occurrence of deleterious biomedical changes be used to
reverse the biomedical change if it has already occurred?

1.1.1.3.1.1 Neurological Effects

.1 What changes occur in the effects of hypoxia on the time 1-8M-6
of useful consciousness (TUC), and what are the mech-
anisms associated with the changes?

.2 What changes occur in the effects of hypoxia on vision, 1-BM-6
and what are the mechanisms associated with the
changes?

.3 What changes occur in the effects of hypoxia on the 1-8M-6

electroencephalogram, and what are the mechanisms
associated with the changes?
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1.1.1.3,

1.2 Cardiovascular Effects

1 What‘changes occur in cardiac response to hypoxia

and what mechanisms are associated with the changes?

.2 What changes occur in the vascular response to

hypoxia, and what mechanisms are associated with the
changes? '

.3 What changes occur in the effects of hypoxia on the

1.1.1.3,

electrocardiogram, and what are the mechanisms
associated with the changes?

1.3 Respiratory Effects '

.1 What changes occur in the ventilatory response to hypoxia,

and what are the mechanisms associated with the changes?

.2 What changes occur in the effects of hypoxia on blood

oxygenation, and what are the mechanisms associated
with the changes?

.3 What changes occur in the effects of hypoxia on

1.1.1, 3.

respiratory alkalosis, and what are the mechanisms
associated with the changes?

1.4 Hematological Characteristics

.1 What changes occur in the effects of hypoxia on

hemoglobin oxygen saturation, and what are the
mechanisms associated with the changes?

.2 What changes occur in thé effects of hypoxia on blood

1.1.1.3,

pH and blood bicarbonates, and what are the mechanisms
associated with the changes?

1.5 Other Effects

.1 What changes occur in the endocrine response to hypoxia,

and what are the mechanisms associated with the changes?

.2 What changes in response and tolerance to hypoxia during

prolonged weightlessness result in any modification in the
normal and emergency limits for oxygen concentrations
in the spacecraft atmosphere?
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1.1.1.3.2 Tolerance to Increased CO2

1.1.1.3.

What changes occur in the ventilatory response to elevated
atmosphereic CO2, and how do the changes affect the
alveolar CO2 levels?

What changes occur in the cardiovascular response to
elevated atmospheric CO;, and how is the response affect
the alveolar CO2 levels.

What variations occur in blood pH and bicarbonate levels,
and are the changes related to changes in the blood
buffering mechanisms?

What changes in response and tolerance to carbon dioxide
during prolonged weightlessness result in a revision of

the normal and emergency limits imposed on carbon dioxide
concentrations in the spacecraft atmosphere?

Tolerance to Diluent Gas Effects

What effect do changes in the type and pressure of diluent
gas have on the mechanics of breathing and the distribu-
tion of inspired gas? (All candidate diluent gases would
be examined,) '

What effect does prolonged exposure to a diluent gas have
on the susceptibility to Grade II bends during subsequent
exposure to reduced pressures? (All candidate diluent
gases would be examined.)

What effect do changes in the trpe and pressure of diluent
gas have on temperature control, and are changes in
temperature control fully explained by differences in
thermal conductivity of the diluent gas?

Do changes in the effects of various diluent gases during
prolonged weightlessness result in revised recommenda-
tions concerning the type and pressure of diluent gases in
the spacecraft atmosphere?

1.1.1.3.4 Acceleration Tolerance

What changes occur in grayout and blackout thresholds
with exposure to acceleration in various directions related
to mission profiles?
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1

.2 What changes occur in cardiovascular responses to
acceleration exposures, and how are these related to
cardiovascular deconditioning ?

®

.3  What changes occur in tidal volumes, respiratory rates,
respiratory dead spaces, and maximum breathing '
capacities with exposure to accelerations, particularly
‘those related to mission profiles?

¢

.4 Do changes in response and tolerance to acceleration
necessitate any revisions in the acceptable acceleration
limits normally imposed on the mission profile?

1.1.1.3.5,1 Elevated ATemperatures

.1 What changes occur in the time required to reach
physiological limits in core temperature and average body
temperature with exposure to elevated envirorfmental
temperatures, and which of the measured sites shows the
greatest change? .

&

.2 What changes occur in the cardiovascular response to
elevated environmental temperatures, and what are the
mechanisms associated with the changes?

.3 What changes occur in respiratory rate, ventilation rate,
and the composition of alveolar air associated with
exposure to elevated environmental temperatures, -and
what are the mechanisms associated with the changes?

.4 What changes occur in the normal sweating response to
elevated environmental temperatures, and of what signifi-
cance are the changes in temperature regulation?

1.1,1.3.5.2 Depressed Temperatures

.1 What changes occur in the time required to reach
physiological limits in core temperature and average
body temperature with exposure to depressed environ-
mental temperatures, and which of the measured body
sites shows the greatest change?

.2 What changes occur in the cardiovascular response to

depressed environmental temperatures, and what are
the mechanisms associated with the changes?
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1.1.1. 3,

What changes occur in the metabolic response to
depressed environmental temperatures, and what is
the significance of the change in body temperature
control?

What changes occur in the core temperature at which
shivering begins, and what changes are produced in the
metabolic rates associated with shivering?

What changes occur in the endocrine response to
depressed environmental temperatures, and what are the
mechanisms associated with the changes?

Do changes-in response and tolerance to environmental
temperature variations during prolonged weightlessness
result in any modifications in the normal temperature and
thermal limits recommended for the spacecraft
environment?

Exercise Tolerance

What changes occur in the oxygen consumption and
metabolic rates associated with various work loads, and
what are the mechanisms associated with the changes?

What changes occur in the cardiovascular response to
strenuous work, and what are the mechanisms associated
with the changes?

What changes occur in the ventilatory response to
strenuous work, and what changes occur in the composition
of alveolar gases?

What changes occur in maximal oxygen consumption, and
what are the mechanisms associated with the changes?

What changes occur in the oxygen debt associated with
various work loads, and what is the significance of the
change in exercise tolerance?

What changes occur in body temperature regulation during
exercise, and what are the mechanisms associated
with the changes?

Do changes in response and tolerance to strenuous exercise

during prolonged weightlessness result in any modifications
to work load limitations imposed on the spacecraft crew?
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1.1.1.3.7

1,1.1.3.8

Radiation Tolerance

What changes occur in the 1LD50 of experimental animals

exposed to a standard radiation source, and what
mechanisms are associated with the changes?

What changes occur in the radiation dose required to
produce symptoms of radiation sickness in experimental
animals subjected to acute whole-body exposure?

What changes occur in the radiation dose necessary to
produce hematological effects in experimental animals,
and how do the effects compare with those produced in
ground-based experiments?

What changes occur in the radiation dose necessary to
produce dermal effects in experimental animals, and how

do the effects compare with those produced in ground-based

experiments?

Do changes in tolerance to radiation in experimental
animals during prolonged weightlessness result in any
revision of radiation limits in the spacecraft
environment?

Tolerance to Toxic Contaminants

What changes occur in the LD50 and LLC50 of various
compounds for experimental animals during prolonged
weightlessness, and what is the mechanism responsible
for the change? )

What changes occur in the normally anticipated symptoms
in experimental animals exposed to various levels of toxic
contaminants, and what are the mechanisms responsible
for the changes?

Do changes in tolerance to toxic contaminants in experi-
mental animals exposed to prolonged weightlessness result

in any revision of Threshold Limit Values (TLV) established

from ground-based experiments?
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MAN-SYSTEMS INTEGRATION

.1

2.1

Behavioral Research

.1 Individual Behavioral Research

.1.1 Sensory

.1.1.,1 Auditory

.1

.10
11
.12

.13

.14

.15

.16

Do changes occur in long-term spaceflight in threshold
tolerance for detection of intensity and frequency of
auditory stimuli?

What is the cause of any changes observed?

What is the course of changes observed?

Are there significant differences between individuals in
observed changes?

Can effects of observed changes be ameliorated by design,
training, or procedural changes?

What physiological measurements are correlated with
changes in auditory thresholds?

Can effects of observed changes be prevented by changes
in frequency or intensity of auditory stimulus?

Do changes occur in long-term spaceflight in ability to
detect changes in tone patterns?

What is the cause of any changes observed?

What is the course of change over time of any observed changes ?
What are the individual differences in observed changes?

Can changes be prevented by training?

Can effects of observed changes be ameliorated by design
or procedural changes?

Are there any physiological correlates of observed changes?

Do changes occur in long-term spaceflight in ability to
locate the source of sounds?

What is the cause of any changes observed?
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.17

.18
.19

. 20

.21

.22

.23

.24

. 25

. 26

.27

.28

.29

.30

.31

.32
.33
. 34

.35

What is the course of change over time of any changes
observed?

What are the individual diffcrences in observed changes?
Can changes be prevented by training?

Can effects of observed changes be ameliorated by design
or procedures changes?

Are there any physiological correlates of observed changes?
Do changes occur in long-term spaceflight in ability to
detect direction of movement of a moving auditory

stimulus ? '

What is the cause of any changes observed?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can changes be prevented by training?

Can effects of changes be ameliorated by design or
procedural changes?

Are there any physiological correlates of observed
changes?

Do changes occur in long-term spaceflight in ability to
detect duration of auditory tones presented at just above
threshold? '

What is the cause ofbany changes observed?

What is the course of change over time of any observed
changes?

What are the individual differences in observed changes?
Can changes be prevented by training?

Can effects of changes be ameliorated by design or
procedures changes?

What are the physiologicai correlates of observed
changes?
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.36

.37

.38

To which typical mission tasks are the various auditory
abilities related? '

During which portions of typical space missions is per-
formance of auditory function required?

How can sensing and measuring of auditory abilities be
automated or mechanized?

1.1.2.1.1.1. 2 Somesthetic

.10

.11

.12

.13

.14

Do changes occur in long-term spaceflight in ability to
detect differences in pressure on body extremities?

What is the cause of any changes observed?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can changes be prevented by training.

Can effects of observed changes be ameliorated by design
or procedures changes?

Are there any physiological correlates of observed
changes?

To which typical mission tasks is the ability to detect
and discriminate force against body extremities related?

During which phases of a typical space mission is per-
formance of this function required?

How can sensing and measuring of changes in this function
be mechanized?

Do changes in sterognosis occur in long-term spaceflight
(ability to discriminate the form and distinctive character-
istics of objects by touch alone)?

What is the cause of any changes observed?

What is the course of change over time of any observed
changes? '

Are there any significant differences between individuals
in observed changes?
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.15

.16

.17

.18

19

.20
.21

.22

.23
.24
.25
.26

.27

. 28

.29
.30

.31

.32

.33

.34

observed changes?

Can changes be prevented by tralnlng’?

Can effects of observed changes be amellorated by deSLgn or;-

procedures changes?

"What are the phystologlcal correlates of observed
- changes? ‘

To which typical mission tasks is this function related?

During which portions of a typical space mission is per-
formance of this function required?

How can sensing and measuring of changes in this function
be mechanized?

Do changes in threshold for detection of vibration occur

in long-term spaceflight?
What is the cause of any change observed?

What is the course of change over time of any observed
changes?

What are the individual differences in observed changes?

Can changes be prevented by training?

Can effects of observed changes be amellorated by deSLgn
or procedures changes? : ;

Are there any physmloglcal correlates of observed
changes'? :

To which typical mission tasks is this function related‘?

During which portions of a typical space mission is per- ’
formance of this function required?

How can sensing and measuring of changes in this functlon
be mechanlzed? : ’

Do changes in threshold for detection of light touch occur

in long-duration spaceflight? -
What is the cause of any chang'es observed"’

What is the course of change over time of any observed
changes? .

Are there s1gmf1cant dlfferences between 1nd1v1duals in.

"
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.35

.36

.37

.38

.39

.40

.41
.42

.43

.44

.45

.46

.47

.48

. 49

.50

.51

.52

.53

. b4

Can changes be prevented by training?

Can effects of observed changes be ameliorated by design
or procedures changes? :

What are the physiological correlates of observed
changes?

To which typical mission tasks is this function related?

During which portions of a typical space mission is per-
formance of this function required?

How can sensing and measuring of changes in this function
be mechanized?

Do pain thresholds change in long-duration spaceflight?
What is the cuase of any changes observed?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can changes be prevented by training?

Can effects of observed changes be ameliorated by
design or procedures changes?

What are the physiological correlates of observed changes?

How is degradation in this function related to space
success?

How can sensing and measuring of changes in this function
be mechanized?

Do changes in threshold for detection of temperature
differences occur in long-term space flight?

What is the cause of any changes observed?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can changes be prevented by training?
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.57

.58

.59

. 60

. 61

.62
. 63
. 64

. 65

. 66

. 67

. 68

Can cffects of obscerved changes be alleviated
pharmacologically or by procedurces changes?

Are there any physiological covrelates of observed’™’
changes? '

How are changes in this function related to space mission
success?

How can sensing and micasuring of this [unction be
mechanized?

Do changes occur during long-duration spacellight in the
ability to discriminate objects by touch using only surface
texture cues?

What is the cause of any changes observed?

What is the course of change over time of any obscrved
changes?

What are the individual differences in observed changes?

Can changes be prevented by training?

Can effects of observed changes be ameliorated by design
or procedurcs changes?

What are the physiological correlates of observed
changes?

To which typical space miission tasks is this function
related?

During which portion of a typical space mission is per-
formance of this function required ?

How can sensing and measurmg of this function be
mechanized ?

1.1.2.1.1.1.3 Visual

Do changes in visual acuity occur in long-~-duration spaceflight?

What is the cause of any changes observed?

What is the course of change over time of any observed
changes? '

Are there significant differcnces bt.twevn individuals in
observed changes?
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.10

.11

.12

.13

.14

.15

.16

.17

.18

.19

.20

.21

.22

Can observed changes be prevented or ameliorated by
design, training, or procedures changes?

What physiological measurements are correlated with
changes in visual acuity?

Can effects of observed changes be prevented by changes
in ambient lighting?

To which typical mission tasks is visual acuity related?

During which portions of typical space missions is per-
formance of visual acuity function required?

How can sensing and measuring of visual acuity changes
be automated or mechanized?

What is the effect on visual acuity of the extreme contrasts
of light found in space?

How do different types of spacecraft cabin and instrument
lighting affect visual acuity?

How is visual acuity affected by spacecraft dynamics
(acceleration, rotation, vibration)?

How effective are optical aids in enhancing visual acuity
in long-duration spaceflight?

How is visual acuity affected by protective and filtering
devices?

What is the effect of unusual gaseous environments on
visual acuity?

Do changes occur in long-duration space flight inability to
perceive relative distances of objects at both close and
far range?

What is the cuase of any changes observed?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can observed changes be prevented or ameliorated by design,
training, or procedures changes?

What physiological measurements are correlated with
changes in depth perception?
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.23

24

.25
26

.27

.28
.29
.30
.31
..'32
33
.34
.35
.36
.37
.38

.39

.40

To which typical‘mission tasks' is depth perception related? -

During Wthh portlons of typlcal space missions is per- .
formance of depth perception function required? .

How can sensing and measuring of depth perception
changes be automated or mechanized‘?

How does the pronsmn of pa.rtlal gravity affect depth
perceptlon?

How can periodic practice improve depth perception?

What cues can be provided to facilitate depth perception
in long term spaceflight.

What is the effect on depth perception of the extreme
contrasts found in space?

How is depth perception affected by spacecraft dynamics
(acceleration. vibration, rotation)?

How is depth perception affected by protective and
filtering devices?

How do target features such as reflectivity, relative
motion, distance, and size affect Capablhty for depth

perception?

How effective is on-orbit learning in overcoming the
effects of spaceflight on depth perception?

What is the effect of brightness and color on depth per-
ception in space?

Do changes occur in long duration spaceflight in ability to
perceive objects in'the peripheral portion of the visual
field?

What is the cause of any changes observed?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals
in observed changes?

Can observed changes be prevented or amehorated by
design, training, or procedures changes'?

What physiological measurements are correlated with
changes in peripheral vision?
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.41

.42
.43
44
.45
.46
.47
.48
.49
.50
.51
.52
.53
.54

.55

.56

.57

.58

To which typical mission tasks is peripheral vision related?

During which portions of typical space missions is per-
formance of peripheral vision function required?

How can sensing and measuring of peripheral vision be
automated or mechanized?

How is peripheral vision affected by protective and
filtering devices?

What is the effect of brightness and color on peripheral
vision in space?

Do changes in ability to detect differences in brightness
occur in long duration spaceflight?

What is the cause of any observed changes?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can observed changes be prevented or ameliorated by
design, training, or procedures changes?

Do changes occur in long duration spaceflight in ability
to identify complex visual patterns in terms of time
required, errors in identification, and sensitivity?

What is the cause of any observed changes?

What is the course of change over time of any observed
changes?

Are there significant differences between individuals
in observed changes?

Can observed changes be prevented or ameliorated by
design, training, practice, performance aids, or

procedures changes?

What physiological measurements are correlated with
changes in this function.

To which typical mission tasks is this function related?

During which portions of typical space missions is per-
formance of this function required?
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60

. 61

.62

. 63
. 64
. 65

66

.67

.68
. 69
70
!
12
.73

. 74

.75

How can sensing and measurlng of this functlon be

: '.automated or mechamz ed?

How is performance of this functLon affected by protectlve :

and filtering devices?

What is the effect of various cues (such as po'sition,'
brightness, color, shape) on ability to perform this
function, :

Do changes occur in 1ong -duration spaceflight in ability
to detect differences in color hue saturation, and
brightness?

What is the cause of any changes observed?

What is the course of change over time?

Are there significant differences between individuals
in observed changes?

What physiological measurements are correlated with
changes in this function?

Can observed changes be prevented or ameliorated by
training, design, performance aids, or procedures
changes? '

To which typical mission tasks is pe'rforménCe of this
function related? '

During which portions of a typical space mission is per- .

formance of this function required?

How is performance of this function affected by S/C
dynamics (acceleration, rotation, vibration)?

How can sensing and measuring of changes in this func-
tion be automated or rnechanized‘?

Do changes occur in long-duration spaceflight in -
ability to focus on far objects after long periods of
focusmg on near objects?

What is the cause of any changes observed?

What is the course of change over time?

Are there significant differences between individuals in

observed changes?
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.76

LT

.78

.19

. 80
. 81

. 82

. 83

. 84

What physiological measurements are correlated with
changes in this function?

How can observed changes be prevented or ameliorated?

How can sensing and measuring of this function be
automated or mechanized?

Do changes occur in dark adaptation capabilities in
long-duration spaceflight?

What is the cause of any observed changes?
What is the course of change over time?

Are there significant differences between individuals in
observed changes?

What physiological measurements are correlated with
changes in this function?

How can observed changes be prevented or ameliorated?

1.1.2.1.1.1.4 Orientation

1.1.2,1,1.1.4.1 Motion Sensing

Do changes occur in long-term spaceflight in ability
to detect rotation of the whole body (time from onset
to detection; degrees of rotation before detection)?
What is the cause of any changes observed?

What is the course of change over time?

Are there significant differences between individuals in
observed changes?

What physiological measurements are correlated with
observed changes?

Can observed changes be prevented or ameliorated by
training, practice, design, performance aids, or
procedures changes?

How can changes in this function be predicted?

To which typical mission tasks is this function related?
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During Wthh portlons of typtcal missions is performance

:of this function. required?

‘How is performance of this function affected b&'spajoecraft

dynamics (ac'cele_ration, rotation, and vibration)?

How is performance of this function affected by rate of
acceleration, rate changes, ‘and presence or absence of
visual cues? '

Do changes occur in long-term spacecflight in ability to
detect linear movement of the whole body (time from
onset to detcction; distance traveled before detection)?
What is the cause of any changes observed?

What is the course of change over time?

Are there significant differences between individuals?

What physiological measurements are correlated with
observed changes?

Can observed changes be prevented or ameliorated by
training, practice, design, performance aids, or
procedures changes? :

Can changes in this function be predicted?

To which typical space mission tasks is this function

- related?

During which portions of typical space missions is- per-
formance of this functlon required?

How is performance of this function affected by spacecraft
dynamics (acceleration, rotation, and vibration)?

How is performance of this function affected by speed of

motion, rate of onset, rate of change in veloc1ty, and.

presence or absence of visual cues?

Do changes occur in Iong-term spaceflight in ability to

- detect movement of body members?

‘What is the cause of any observed changes? .

What is the course of change over time?

Are there 51gn1f1cant dlfferences between 1nd1v1duals in
observed changes?
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What physiological measurements are correlated with
observed changes?

Can observed changes be prevented or ameliorated by
training, practice, design, performance aids, or
procedures changes?

Can changes in this function be predicted?

To which typical space-mission tasks is performance of
this function related?

During which portions of typical space missions is
performance of this function required?

How is performance of this function affected by spacecraft
dynamics (acceleration, rotation, vibration)?

How is performance of this function affected by absence of
visual cues, speed of movement, rate of onset, and rate
of change in velocity?

1.1.2,1,1.1.4,2 Position Sensing

Do changes occur in long-duration spaceflight in
ability to identify location of extremities?

What is the cause of any observed changes?
What is the course of change over time?

Are there significant differences between individuals in
observed changes?

What physiological measurements are correlated with
observed changes?

Can observed changes be prevented or ameliorated by
training, practice, design, performance aids, or

procedures changes?

To which typical space-mission tasks is performance
of this function related?

During which portions of a typical space mission is
performance of this function required?

How is performance of this function affected by spacecraft
dynamics (acceleration, rotation, vibration)?
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1.1.2.1

1.1.2.1.

1.1.2. 1.

.1

1.

‘How is performance of this function affected by presence '

or absence of visual cues, using different extremities? -
1.4.3 Orientation Illusions

What is the effect of long-duration space fllght in
producing visual, auditory, and somesthetic 111u81ons"

What is the course of change over time of any obscrved cffects?

Are there significant inc_]ividual differences?

Can bbserved effects be prevented by training?

Can observed effccts be prevented or amclloratcd by
design or procedurcs changes?

1.5 Chemical Sense

Do changes occur in long-term spaceflight in the senses
of taste and smell (olfaction and gustation)?

What is the cause Qf any changes observed?

What is the course of change over time?

Are there significant individual differences?

How can varying the environment be used to prevent or
ameliorate any observed changes?

Can observed changes be prcvented by training?
To which typical mission tasks is this function related?

During which portions. of typical missions is perfornlance
of this function required?

. 2 Psychomotor

Do changes occur in long-term spaceflight in time
required, errors made, and scnsitivity and control for
perceptual motor manipulation and control functlons or
force production and contlol?

What is the cause of any changes observed?
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What is the course of change over time of any observed
changes?

Are there significant differences between individuals in
observed changes?

Can observed changes be prevented or amecliorated by
design, training, or procedures changes?

What physiological measurements are correlated with
changes in this function?

How can changes in this function be predicted?

Can changes be prevented by practice, artificial gravity,
or performance aids?

To which typical mission tasks is this function related?

During which portions of typical space missions is per-
formance of this function required?

How can sensing and measuring of changes in this function
be automated or mechanized?

How is this function affected by spacecraft dynamics
(acceleration, rotation, vibration)?

How quickly will subjects learn to perform this function
in orbit as effectively as they did in 1-G?

Are the necessary cues for performing this function
different in space than in 1-G?

Are some psychomotor functions moredifficult in space
than others?

How is performance of this function affected by time
constraints requiring performance of the function for
extended periods of time ( 1 sec, 10 sec, 30 sec)?

How is performance of this function affected by differential
force loads, speed of reaction, and control/display
relationships?

1.1.2.1.1.3 Cognitive

.1

.2

Do changes occur in long-term spaceflight in ability to perform
cognitive functions?

What is the cause of any changes observed?
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!

1.1,2.1.2

What is’the courSe- of changeicv_er’time?

Are there 51gn1f1cant differences between 1nd1v1duals in -
any observed changes? -

'Can observed changes be prevented or ameliorated by

training, practice, design, performance aids, or
procedures changes? '

How can changes in this function be predicted?

What physiological measurements are correlated with
changes in this function? :

How can sensing and measuring of changes in tth function
be automated or mechanized?

" How is performance of this function affected by spacecraft

dynamics (acoustics, acceleration, rotatlon vibration)?

To which typical mission tasks is performance of this
function related?

During which portions of typical space missions is per-
formance of this function required?

Human Capabilities

Do changes occur in long-duration spaceflight in

" operator, maintenance, or scientific investigation

capabilities?

What is the course of change over time of any observed
changes? ' '

Are there significant differences between individuals in

observed changes?

How are personality variables related to individual
differences?

Can observed changes be prevented or ameliorated by design,

training, practice, performance aids, or procedures
changes? ' '

Which operator, maintenance, and scientific 1nvest1gat1on
functions are best performed by man? :

How is human performance of operator, malntenance and

scientific 1nvest1gat10n tasks affected by spacecraft dynamlcs'?

What are the mathemattcal— e_quatlons for human performance

of various operator, maintenance, and scientific investigation

tasks?
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1.1.2.1.3

.10

.11

How can performance of operator, maintenance, and
scientific investigation tasks be measured and assessed?

What are the design requirements for controls and displays
associated with operator, maintenance, and scientific

investigation tasks?

How can performance of operator, maintenance, and scientific
investigation tasks be enhanced by feedback of results?

How can on-board computers be used to assist in performance
of operator, maintenance, and scientific investigation tasks?

How is time stress related to performance of operator,
maintenance, and scientific investigation tasks?

What is the optimum method of storing, retrieving, and

presenting reference data for operator, maintenance, and
scientific investigation tasks?

Group Structure and Dynamics

Do changes occur in long-duration spaceflight in patterning

of group processes, in structuring of group roles, or in group
attitudes?

What are the causes of any observed changes?

What is the course of change over time?

What are the relationships between observed changes and
personality characteristics of individual crew members?

Do groups of different composition show different
responses to long-duration spaceflight?

How can changes be prevented or ameliorated?
What are the effects of observed changes on mission success?

What effects do observed changes have on crew performance,
crew compatibility, morale, and motivation?

What is the effect of ground communications on group
structure and dynamics?

How do changes in group structure and dynamics affect
the effectiveness of leadership?

What are the requirements for onboard social systems for
long-duration spaceflight?
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13

.14

.15

1.1.2.1.4

.10

.11

How do habttablllty desq,n features affect group structure ‘

and dynamics?

How can part1c1pat10n ih group act1v1t1es in long- duratlon

: spacefhght be used to support group structure?:

How is reductlon of prlvacy related to group structure and
process in long-duration spaceflight?

How can avenues of escape from interpersonal conflict be
provided in long-duration spaceflight?

Personal and Social Adjustment

What is the relationship between specific personality traits
and changes in indices of adjustment (morale, motivation,
frustration, anxiety, hostility, ability to concentrate,
fatigue, depression, and withdrawal) in long-duration
spaceflight?

How do individuals whose personality tests suggest social
maladjustment, adjust to prolonged spaceflight?

How can healthy social adjustment be facilitiated during
long-duration spaceflight?

How can preflight training and orientation be used to
promote social adjustment in long-duration spaceflight?

Do changes in personality occur during long-duration
spaceflight? : .

How can social adjustment be measured in long-duration
spaceflight?

How do morale problems affect crew performance in
long-duration spaceflight?

What is the effect of long-duration spaceflight on personal
problem-solving abilities when the familiar modes for

. problem solving are not available?

How can effective modes of personal problem solving be

. provided in long-duration spaceflight?

How can feelings of hostility in long-duration spacefllght be

prevented or their effects ameliorated? -

What set of compatlble personalities is most effectlve for
long-duration spaceflight? o
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.13

1.1.2.1.5

1,1.2,1.6

How is social adjustment affected in long-duration spaceflight
by the lack of contact with familiar (world news, family
problems, significant persons and role partners)?

How can problems caused by space crews being cut off from
familiar surroundings be prevented or alleviated by
training, design, or procedure changes?

Selection and Training

What is the effect on crew performance, social adjustment,
and individual subjective reactions for various selection
criteria?

How effective is preflight training on mission success in terms
of crew performance, physical fitness, social adjustment,
individual behavior, and retention of skills?

How effective is in-flight training or practice in maintaining
seldom- used skills?

How do specific skills degrade over time in space?
Performance Monitoring and Assessment

How sensitive are sampling techniques in identifyin g differ-
ences in performance in long-duration space missions?

Can measures of task components (such as abilities) be used to
validly infer performance on the total task?

How can operational jobs in long-duration space missions
be designed so that significant aspects of behavior can be
periodically or continuously assessed?

How can independent, uncontaminated criteria of human
performance under long-term spaceflight operational
conditions be derived?

How reliable and valid are various direct, indirect, and
subjective methods of monitoring and assessing crew per-
formance in long-duration spaceflight?

What are the spacecraft support requirements for the
various methods of monitoring and assessing performance
in long-duration spaceflight?

How does use of the various methods of monitoring and
assessing performance in long-duration spaceflight
influence or change the behavior they are attempting to
measure?
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. How can the various methods’ of momtormg and assessing’

performance in long-duration’ spaceflight. be adapted to
provide real or near-real-time evaluation.of crew.

. performance?

1.1,2.2 Man-Machine Research

1.1.2.2.1 Controls and Displays

.10

11

.12

.13

.14

How valid are traditional control and display design prin-
ciples under conditions of long-duration spaccflight?

How is man's capability to handle information affected by
the amount and type of data presented under conditions of

long-duration spaceflight?

How effective are nonvisual displays in presentlng status,
trend, and alerting information?

What is the maximum capacity of the man-display
combination for time sharing?

What display characteristics are incompatible with crew
performance capabilities?

How can man's capabilities for communicating with computers
be enhanced by optimum controls and displays?

What is the optimum combination of alpha and numeric
symbology for CRT displays in long-duration spaceflight?

What are the spacecraft support requirements for various

. types of displays and controls?

What is optimum spacecraft ambient light.ing for use with
electroluminescent displays?

How can time-shared displays be used to reduce space and
power requirements while enhancing crew performance?

How can nonessential indications on displays be eliminated?

What is the optimum mix of situation. d1splays and discrete
indicators?

What are the design requirements for a device to permit
crew members to evaluate photographic data onboard and
to edit, crop, or reject prior to transmission?

What is the optimum arrangement of controls and displays
at a single work station to permit control of a number of
experiments, subsystem operatlons, malntenance actlons
or Veh1cle control? : :
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.10

.11

1.1.2.2.3

Locomotion and Restraint

What is metabolic cost of work under various conditions
of locomotion and restraint?

What are the acceleration profiles under various locomotion
conditions?

How are crew dexterity, ability to apply forces, rcach
envelopes, visual span, and maintenance ability affected
by various restraint techniques?

What are the restraint and locomotion requirements for
partial g comparcd with zero g?

What is optimum restraint method for extended-duty work
station?

How is sleep effectiveness affected by various sleep-station
restraint methods?

What are the advantages and disadvantages of powered vs.
unpowered locomotion devices in terms of metabolic cost,
encumbrance to crew activitics, accuracy of path, control
of acceleration and deceleration, safety from personal
injury, or equipment damage?

How do various restraint devices comparc in terms of
demands on crew time? :

What spacecraft support requirements arc imposcd by
the various restraint and locomotion tcchniques and

equipment? .

What are the dynamics of a tethcred crewman for various
tether lengths?

What is optimum size and shape for cargo items to be

transported in space by crewman using various locomo-
tion techniques?

Habitability

What is effect of time in orbit on volume rcquiremcnts?

How do volume, configuration; and privacy provisions
affect crew adjustment?

What is cffect on crew performance and adjustment of
changing volume and configuration periodically?
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1.1N2.2.3.2 Environment

.10

.11

How does sleep station design affect crew perfo:rmz—ince
and adjustment? '

What level of artificial gravity is optimum?

How does illumination affect crew performance and
adjustment?

What effect do color and decor have on crew effectiveness?

What are the optimum comfort criteria (e.g., temperature,

humidity, air {low)?

How does the acoustic environment affect crew perform-
ance and adjustment?

What equipment and procedures are optimufn for crew
health maintenance?

How do crew attitudes toward habitability features change
over time in long-duration spaceflight?

How effective is preflight training in conditioning crew
to accept habitability features?

What are the physiological and psychological require-
ments for frequency of use of habitability provisions?

What are the spacecraft support requirements imposed
by various habitability features?

1.1.2.2.3.3 Personal Support

How do nutritional requirements change over time
in space? :

What is optimum in-flight physical fitness program?

How do provisions for recreation and leisure affect
crew performance and adjustment?

What are optimum p'ersbnal-hygiene facilities?
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1.1.2.2.4 Work/Rest/Sleep Cycles

1.1.2.2.4.1 Rhythms and Cycles

How do circadian rhythms change in long-duration

.1
spaceflight?

.2 What is the effect of circadian changes on crew
performance?

.3 How can adverse effects of circadian changes be
prevented or ameliorated?

1.1.2.2.4.2 Sleep

.1  What is the effect of time in orbit on sleep requirements?

.2 How is sleep effectiveness affected by external factors
(such as noise, acceleration, illumination)?

.3 How effective are short sleep periods (4 hours to cat-
napping) in meeting sleep needs in long-duration
spaceflight? :

.4 What are the advantages and disadvantages of simultaneous
sleep?

.5 What is the effectiveness (or need) of artificially induced
sleep?

.6  What is the pattern of sleep stages over time in orbit?

1.1.2.2.4.3 Work/Rest

.1 What is the optimum on-off work schedule in long-duration
spaceflight?

.2 How do work/rest requirements change over time in
long-duration spaceflight?

.3 What is the effect on crew performance and adjustment
of the altered day/night cycles of space?

.4 How long does it take crew members in space to adjust

to altered day/night cycles, and what is the pattern of
individual differences?
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1.'»1-f 2. Zi. 5 Performance Aids

1.1,2.2.5.1 Tools

1.1.2.2.

1.1.2.2.

1.1.2.2.

What are the design and storage requirements for tools
on long-duration spaceflight? :

How effective are multipurpoée tools, special tools, and

standard 1-g.tools, and how can tool requirements be
reduced? '

What are prime equipment design requiremehts imposed

by tools and remote manipulators?

5.2 Manipulators and Force Assistive Devices

What is the effect of the spaceflight environment on
design requirements for remote manipulators?

How do task time requirements differ for direct vs.
remote manipulators?

What feedback is required for operators of remote
manipulators?

5.3 Computer Aids and Checklists

What is relative value of visual vs. auditory checklists
in long-duration spaceflight?

How effective are computer performance aids?

How effective are various optical aids in enhancing
performance? :

What are the dynamics of tethered tools in
weightlessness? ' ‘

Scheduling Techniques

How effective are fixed vs. flexible 'scheldules?‘ :

What is the optimum time base for mission scherduling?.
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.3 How can an onboard computer be used to facilitate
schedule construction and updating?

.4 What is the optimum method for onboard storage,
retrieval, and presentation of schedule information?

.5 How detailed do onboard schedules have toc be?

.6  What is the optimum method for updating schedules?

.7 How effective is preflight training on schedule construction
and updating, and what should be the content, duration,
and techniques for such training?

.8 How effective are ground communications in the updating
of onboard schedules, and how should this effort be
apportioned between ground and onboard crew?

.9 How does format of schedule and means of presentation

affect the way in which crew performs scheduled
activities?

.3 LIFE SUPPORT AND PROTECTIVE SYSTEMS

.3.1 Development of Atmospheric Supply and Pressure System
Technology

.3.1.1 Atmosphere Supply

.3.1.1.1 Storage

.3.1.1.1.1 Chemical

.1 What are the operational aspects and/or interfaces of .
chlorate candles, ozonites, and super-oxide for the supply
of nitrogen and hydrogen, and how are they affected by
zero-g conditions?

.2 What mass transfer phenomena in the diffusion of
product from sources and in separation processes occur
under spaceflight conditions?

.3 What heat transfer problems in thermal decomposition

of chemicals require investigation under spaceflight
conditions?
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What material types need to be'investigated and/or
developed in conjunction with chemical storage of

" atmospheric gases for spacecraft applications?

What are the basic physical ‘proces‘ses involved in the

chemical storage of atmospheric gases and how are

they altered under zero-g conditions?..

1.1.3.1.1.1.2 Gaseous

What are the operational problems of gaseous storage
systems for the supply of oxygen, nitrogen and hydrogen,
and what changes occur under zero-g conditions?

1.1.3,1.1.1.3 Cryogenic Storage

.10

What thermodynamic processes are involved in the
delivery of cryogenically stored oxygen and nitrogen
in a space environment?

What is the long-term effectiveness of present cryo-
genic storage methods? '

What are the characteristics of fluid gaging and
management in cryogenic atmosphere supply systems?

What control sensors are needed for long-duration
operation of two-gas atmosphere systems?

What are the density profile characteristics of
liquids at and near the critical state?

How can gas-free cryogenic liquid transfer and
maintenance be achieved in zero-g?

What zero-g interface phenomena of liquid—gas systems
are involved in cryogenic storage of atmospheric gases?

What are the zero-g kinetic and dynamic characteristics of
gas bubbles and how do they influence the operation of

cryogenic stores?

What integrated cryogenic storage subsystem tests are
needed for operation verification in the space environment?

What are the conseque.nces_of the vapor purge of cryogenic

liquid systems in zero-g?
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1.1.3.1.

1.1.3.1.

1.1.3.1.

1.2 Oxygen and Diluent Supply

1.2.1 Carbon Dioxide Decomposition

1.2.1.1 Solid Electrolyte

.1  What are the space effects on electrochemical reactions

involved in the operation of the solid electrolyte reactor?

.2 What are the zero-g heat transfer problems involved in

the operation of the solid electrolyte reactor?

.3 What are the zero-g effects of the carbon accumulation

problem on the operation of the solid electrolyte cell?

.4 How will zero-g affect the materials used for solid

electrolyte cell electrodes?

.5 How does zero-g affect solid electrolyte components?

.6 How does zero-g affect the presence of water vapor in

1.1.3.1.

the CO2 stream on the solid electrolyte reaction?

1.2.1.2 Molten Carbonate

.1 How are the elctrochemical reactions of the nmolten

carbonate reactor system affected in the space
environment?

.2 What are the effects of zero-g heating on the operation of

the molten carbonate reactor?

.3 How does weightlessness affect the carbon accumulation

and the operation of the molten carbonate reactor?

.4 How does the presence of water vapor in the COp stream

affect the molten carbonate reaction in a weightless
environment?

.5 How does zero-g affect the materials used for the molten

carbonate cells?

.6 What electrolyte is most suitable for the operation of

molten carbonate reaction in a space environment?

.7 What are the handling problems involved with the carbonate

melt in a weightless environment?
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What are the zero-g operational effects on the gas-liquid-
solid system involved in the molten carbonate reactor?

How does a space environment affect the molten carbonatc -

components ?

1.1.3.1.1.2.2 Carbon Dioxide Reduction/Electrolysis

1.1,3,1,1,.2.2.1 Carbon Dioxide Reduction

1,1.3.1.1.2.2.1,1 Sabatier

What are the zero-g heat transport problems involved in
the operation of the Sabatier reactor?

How does zero-g affect the gas-liquid separation charac-
teristics of the effluents from the Sabatier reactor and

condenser?

How does a space environment affect the mechamsms
involved in the Sabatier reaction?

How does zero-g influence the partial cracking of methane?
How does zero-g influence the full cracking of methane?

How does a space environment affect the operation of
Sabatier components?

1.1.3.1.1.2,2. 1.2 Bosch

What are the zero-g heat transfer problems involved in the

_operation of the Bosch reactor?

How does weightlessness influence the gas-liquid separetion
characteristics of the effluents from the Bosch reactor
and condenser? : ‘ :

What are the zero-g effects of the carbon accumulation
on the operation of the Bosch reactor?

What are the effects of zero-g on characteristics and
mechanisms involved in the Bosch reaction?

How does a space environment affect the operatlon of the
Bosch components”
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1.1.3.1.

1.1.3.1.

1.2.2.2 Water Electrolysis

1.2.2.2.1 Liquid/Membrane

.1 How are the electrochemical reactions involved in the

operation of water electrolysis cells affected by
spaceflight conditions?

.2 What are the gas-liquid interface problems in liquid/

membrane electrolysis units caused by zero-g?

.3 What are the zero-g effects on materials required for

water electrolysis cells?

.4 What are the zero-g effects of gas bubbles in the water

electrolysis process?

.5 How does zero-g influence the electrolytes used for

1.1.3.1.

water electrolysis?

1.2.2.2.2 Vapor Phase

.1 What are the zero-g effects on the optimum operational

modes of water vapor electrolysis?

.2 How does weightlessness influence the effectiveness of

1.1.3.1.

1.1.3.1.

humidity control by water vapor electrolysis on the
spacecraft life support system operation?

2 Cabin Atmosphere Pressure Control

2.2 Dual Gas Atmosphere Pressure Control System

.1 How will zero-g affect dual gas atmosphere pressure

control when using polarographic sensors?

.2 How will zero-g affect dual-gas atmosphere pressure

control when using paramagnetic sensors?
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How does zero- g affect dual- gas. atmosphere pressure

'control when using mass spectrometers" g

' How does zero- g affect dual-gas. atmosphere pressure

control when 'using gas chromatographs"—

1.1.3.2 Atmosphere Purification and Control

1.1.3,2.1 Carbon Dioxide

1.1.3.2.1.4 Concentration

1.1.3.2.1.4.1 Electrodialysis

'.l

What are the electrochemical problem areas associated
with zero-g operation of electrodialysis COZ collection
units ?

What are the gas-liquid separation problems associated
with the zero-g operation of the electrodialysis CO2
collectors?

What electrolytes are best for use in zero-g electro-
dialysis CO2 collection units?

How are electrodialysis CO; collector components
affected in space?

1.1.3,2.1.4.2 Solid Amines

What are the zero-g mass transport characteristics of

solid amines?

What are the heat transfer problems involved in the zero-g

operation of solid amine CO3 collection units?

How does a weightless environment affect the water vapor

control required in the operation of solid amine CO)
collectors? :

How does a space environment affect the operatlon of the
solid amine components?
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1.1.3.2.

1.4.3 Molecular Sieves

.1 How does zero-g influence the mass transfer parameters

involved in the molecular sieve CO2 collectors?

.2 How does weightlessness affect the heat transfer condi-

tions involved in the molecular sieve CO2 collectors?

.3 How does zero-g affect the molecular sieve CO2

collector components?

.4 What is the effect of a space environment on integrated

1.1.3.2.

molecular sieve CO2 collector subsystems?

1.4.4 Liquid Absorption

.1 How does zero-g influence the chemical reactions in a

liquid absorption CO2 collector?

.2 How do space conditions affect materials required in a

liquid absorption COZ collector?

.3 How does zero-g influence the interface problems and

devices involved in liquid absorption CO2 collectors?

.4 What are the mixing characteristics of liquids in zero-g

and how do they affect the liquid absorption CO;, collectors?

.5 What are the zero-g absorption characteristics of gases

by liquids and how do they affect the liquid absorption

CO2 collector?

.6 How does zero-g affect the liquid absorption subsystem

1.1.3.2.

and components?

1.4.5 Carbonation Cell

.1 What are the zero-g effects on electrochemical transport

parameters in carbonation cells?

.2 What are the zero-g effects on heat transfer conditions

in carbonation cells?

.3 How does weightlessness affect the electrolyte to be used

in carbonation cells?

.4 What are the zero-g effects on carbonation cell subsystem

or components?
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1.1.3.2.2 Trace Contaminants

1.1.3.2.2.3 Removal

How does zero-g affect trace contaminants removal by
nonregenerable sorbers and what are the effects on
conceptual configurations?

How does zero-g affect tract contaminants removal by
regenerable sorbers and what are the effects on
conceptual configurations?

1.1.3.2.2.4 Catalytic Oxidation

1.1.3.2.3

1.1.3.2.3.

1.1.3.2.3.

What are the zero-g effects on catalytic oxidation of
trace contaminants by high temperature catalytic
burners and how do they influence the conceptual
configurations?

What are the zero-g effects on catalytic oxidation of '
trace contaminants by low temperature catalytic

burners and how do they influence the conceptual -
configurations? ;

‘Humidity

3 Condensation/Separation

3.2 Separatibn

How does a weightless environment influence humidity

control methods?

How does zero-g affect gas liquid separation involved
in humidity control subsystems?

What are the effects of zero-g on heat transfer involved in
humidity control subsystems?

How does zero-g affect the humidity control subsystem
components? '
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.1.3.2.4 Aerosols
.1.3.2.4.2 Removal
.1.3,.2.4.2.1 Filtration

.1  What are the zero-g effects on aerosol filtration sub-
systems under spaceflight conditions?

.2 How does zero-g influence an aerosol control subsystem?
.1,3.2,4,2.2 Precipitation

.1 How does a space environment affect the performance
of aerosol precipitation subsystems?

.2 What is the effect of zero-g on an aerosol control
subsystem?

.1.3.2,4.2,3 Centrifugation

.1 How does zero-g affect aerosol centrifugation subsystems?

.2 What is the influence of weightlessness on an aerosol
control subsystem?

.1,3,3 Thermal Control

.1.3.3.1 Paséive Thermal Control

.1.3.3.1.1 Insulation

.1.3,3.1.1.1 High-Vacuum Insulation

.1 How does zero-g influence the convection heat transfer

in high-vacuum insulation?

.2 How does zero-g affect the diffusion convection processes
occurring in conjunction with entrapped gases in high-
vacuum insulation?
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©1.1.3,3.1.1.2 Ablative Insulation

1.1.3.

1.1.3.

1.1.3.

1.1.3

1.1.3.

.1 What are-the effects of a space environment on the diffusion

convection processes occurr 1ng in conjunction with ablatlve
insulation subsystems ?

.2 How does zero- g affect the convectlon heat balances
in ablative 1nsulat1ons" '

.3 How does zero-g influence the chemical reaction rates
in ablative insulation systems?

3.1.1.3 Csnduct_ion Insulation

.1 What is the influence of a space environment on heat
path characteristics of conduction type insulation used
in a space vehicle structure?

3;1.2 Radiative Surfaces
3.1,2.1 Fixed Surfaces

.1 How does a space environment influence materials on
fixed radiative surface systems?

.3.1.2.2 Variable Surfaces

.1 What are the effects of space on mechanisms and materials
used with variable surface insulation?

3.1.3 Heat Pipes
.1 What are the effects of zero-g on heat transfer involved in
' boiling and/or condensation processes in heat pipes?

.2 What are the zero-g influences on mass transfer d1ffus1on
processes in heat pipes? - :

.3 What are the zero-g effects on fluid flow characteristics
involved in capillary transport processes in heat pipes?
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1.1.3.3.2 Active Thermal Control
1.1.3.3.2.1 Heating Systems
1.1.3.3.2.1.1 Heat Storage Systems
1.1.3.3.2.1.1.1 Phase Change
.1 How does zero-g affect solar heat collectors and inter- 1-Ls-10

faces with the heat storage systems?

.2 How does a space environment influence waste heat 1-LS-10
utilization in heat storage systems?

.3 How does a space environment affect heat storage 1-Ls-10
components?

.4 What are the effects of zero-g on liquid/solid/gas 1-Ls-2
separation devices?

.5 What are the effects of a space environment on 1-LS-1
phase-change substances used in heat storage systems?

1.1.3.3.2.1.1.2 Single Phase

.1 How does a space environment influence the applications, 1.LS-10
heat load, and temperature ranges used in a single-phase
heat storage system?

.2 What are the effects of zero-g on single-phase storage 1-LS-10
systems and components?

1.1.3.3.2. 1.2 Fluid Transport Systems

.1 What are the effects of a space environment on radioisotope 1-05-10
management and control characteristics used with fluid
transport systems?

B-1-66



3. 2..2~ Cooling‘ Sy'stems

.3.2.2.1 Heat Sinks

.3.2.2.1.2 Radiative Cooling

.3.2.2.1.2.1 Condensing

.1 How does zero-g influence the condensing heat transfer

characteristics in space radiators?

.2 How does zero-g affect the configurations of condensing
space radiators?

.3 What are the effects of zero-g on liquid/gas separators
used with condensing radiator systems?

.3.2.2.2 Fluid Transport Systems

.3.2.2.2.2 Condensers

.1 How does zero-g affect condensing heat transfer?

.2 What are the effects of a space environment on

liquid/gas separation condenser systems?

.4 Water Management

4.1 Storage/Preservatibn

.4.1.1 Bladder Tank Storage

.1 How does zero-g influence mass transfer in the diffusion

of liquids and/or gases through the tank bladders?

.2 How do zero-g conditions affect fluid flow characteristics

. of expulsion gas and water involved in bladder tank
storage? :
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1.1.3.4.

1.2 Chemical Preservation

.1  What are the effects of zero-g on mass transfer involved 1154

in dissolution, mixing, plating out, and decomposition
processes occurring in chemical preservation of water?

.2 How does zero-g influence fluid flow characteristics 1-L5-2

1.1.3.4.

of chemical preservation methods of water storage?

1.3 Pasteurization

.1  What are the effects of zero-g on the modes of heat transfer 1-L54

1.1.3.4.

1.1.3.4.

involved in maintaining the water temperature (between
100° and 160°F) with the pasteurization process?

2 Reclamation

2.1 Membrane/Filtration

.1  What are the zero-g effects on the flow regime charac- 1-L8-2.4

teristics in water filtration processes?

.2 What are the effects of zero-g on gas/liquid separation 1-Ls-2

problems in water filtration processes?

.3 How does a zero-g environment influence the mixing 1-LS-2

characteristics of fluids in the filtration processes?

.4 How does zero-g affect the filtration process components 1154

and/or subsystems?

.5 What are the effects of a space environment on the flow 1182

regime characteristics in the reverse osmosis process?

.6 What are the zero-g effects on gas/liquid separation 1-Ls2

devices in the reverse osmosis process of reverse-
osmosis water-recovery units?

.7 How does zero-g affect the mixing characteristics of 1-Ls2

fluids in the reverse osmosis process?

.8 How does zero-g influence the design of reverse osmosis 1-L54

components? :
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- 1.1.3.4.2.2 Phase Change
1.1.3.4.2.2.1 Air Evaporation
.1 What are the zero-g boiling heat transfer problems in

the air evaporation process?

.2 How does zero-g affect the flow regime characteristics
in the air evaporation process?

.3 What are the effects of zero-g on the mixing character-
istics of fluids used in the air evaporation process?

.4 What are the zero-g effects on the gas/liquid separation
devices used in the air evaporation process?

.5 How does zero-g affect air evaporation components?
.6 What are the space effects on an integrated air evapora-
tion system?
1.1.3.4.2.2.2 Vapor Diffusion
.1 What are the zero-g heat transfer effects involved in a
vapor diffusion process? '

.2 What are the zero-g effects on membrane diffusion used
in conjunction with vapor diffusion process?

.3 How does a space environment affect gas/liquid separation
in the vapor diffusion process?

.4 What are the space effects on the operation of the vapor
diffusion unit?
1.1.3.4.2.2.3 Vapor Diffusion Compression
.1 What are the effects of zero-g on heat transport in the
vapor diffusion compression process?

.2 How does zero-g influence gas/liquid separation devices
in the vapor diffusion compression process? ‘
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What are the zero-g effects on vapor diffusion com-
pression components?

What are the zero-g influences on the operation of the
integrated vapor-diffusion-compression water-recovery
system?

1.1.3.4.2.2.4 Vapor Pyrolysis/Catalysis

What are the space effects on heat transfer problems
in the vapor pyrolysis process?

What are the zero-g effects on gas/liquid separation
in the vapor pyrolysis process?

What are the effects of zero-g on vapor pyrolysis
components ?

How does zero-g influence the design of the integrated
vapor pyrolysis water-recovery system?

1.1.3.4,2.2.5 Vapor Compression

How does zero-g affect heat-transfer vapor compression
process?

What are the zero-g effects on the flow regime in the
vapor compression process?

What are the zero-g effects on the gas/liquid separation
devices used in the vapor compression process?

What is the effect of zero-g on the vapor compression
components ?

What are the effects of space on the performance of the
integrated vapor compression system?

1.1.3.5 Waste Management

1.1.3.5.1 Collection

1,1.3.5.1.1 Urine

.1

What are the zero-g phase separation and liquid fluid
flow characteristics involved in urine collection?
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1.1.3.5.1.2 Feces/Refuse

.1

What are the zero-g flow characteristics involved in feces
and refuse collection?

1.1.3.5.2 Incineration

.1

1.1.3.5.3

How does zero-g influence mass transfer in waste manage -
ment incineration?

What are the zero-g fluid flow characteristics of combustion
products and oxygen in the incineration waste management
system?

What are the influences of zero-g on the heat transfer
phenomena involved in the burnlng processes in waste
management incineration?

Storage

1.1.3.5.3.1 Urine

What are effects of zero-g on the basic processes involved
in urine storage in waste management systems?

How does zero-g affect chemical and freeze urine storage
methods? . '

What are the affects of space on the mixing characteristics
used in conjunction with urine.storage? :

What are the zero-g effects on mass and heat transfer
involved in urine storage?

1,1.3.5.3.2 F.eces/Refuse

What are the space effects on fluid flow in conjunction with .
drying and/or mixing in feces and refuse storage systems?

What are the effects of zero-g on heat and mass transfer
involved in drying and mixing processes of feces and refuse?

.
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1.1.3.6 Food Management

1.1.3.6.1 Stored Food

1.1.3.6.1.1 Freeze-Dried

.1 What are the effects of zero-g on mixing of solids and/or

liquids in stored freeze-dried food management processes ?

.2 How does zero-g influence the interfaces of stored
freeze-dried food and water management systems?

.3 What are the zero-g effects on stored freeze-dried food
management system components?

.4 What are the effects of zero-g on stored freeze-dried
food management subsystem?

1.1.3.6.1.2 Frozen

.1 What are the zero-g effects on the use of frozen foods on
spacecraft water balance, water recovery system, and
logistic problems?

.2 What are the zero-g effects on refrigeration requirements
needed for frozen food system?

1.1.3.6.1.3 Irradiated or Canned

.1 What are the space influences on the irradiated or canned
food system?

.2 How does zero-g affect the interfaces of the irradiatedor
canned food system with the water and waste management
systems?

1.1.3.6.2 Regenerative

1.1.3.6.2.1 Chemical Synthesis

.1  What are the space effects on catalysts used in the chemical
synthesis reaction chambers?
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What ate the zero-g effects on the yield obtained. from the |
glycerol food process? :

. How does zero-g influence the carbon dioxide require-

ments of the chemical synthesis system?.

How does zero-g affect the high-pressure processes
involved in chemical synthesis food regeneration system?

1.1.3.6.2.2 Biological Regeneration

What are the effects of a space environment on gas/hquld
separatlon involved in b1010g1ca1 food regeneration process?

What are the zero-g effects on solid/liquid separation

.in processed biological food management? '

How does a space environment influence culture growth
processes in processed biological food management?

What are the effects of zero-g on processed biological
food management system components?

What are the effects of a space environment on the processed

biological food management subsystem?

1,1.3.7 Crew Protective Systems

1.1.3.7.1 Internal Hazards

1.1.3.7.1.1 Fire

What are the zero-g effects on the spacecraft atmosphere
dump subsystem?

How does zero-g affect the carbon dioxide fire control
subsystem under spacefllght conditions? '

What are the effects of zero- gona fluorocarbon fire
control subsystem? :

What are the effects of zero-g on an inert gasA, flood-fire
control subsystem under spaceflight conditions?
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1.1.3.7.1.2 Atmosphere Contalminant.Cont rol
(Refer to Section 1.1.3,2)
1.1.3.7.1.3 Thermal Protection
(Refer to Section 1. 1. 3. 3)
1.1.3.7.1.4 Biological Control

.1  What is the effect of zero-g on the personal hygiene
subsystem?

.2 What are the zero-g effects on the first aid subsystem?
1.1.3.7.2 External Hazards
1.1.3.7.2.1 Zero Gravity

.1  What changes occur in the operation of the artificial
gravity subsystem (centrifuge and/or vehicle rotation)
under spaceflight conditions?

.2 What changes occur in the operation of the cardiovascular
conditioning subsystem under spaceflight conditions?

1.1.3.7.2.2 Radiation

.1 What are the space effects on the radiation shielding

subsystem?

.2 What are the space effects on the radiation shelter
subsystem?

.3 What are the space effects on radiation suits?

1.1.3.7.2.3 Meteoroids

.1 How does space affect the various methods of rapid
repressurization of spacecraft cabins?
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.2 What are the effects of space on the leak detection -

subsystem?

.3 What are the space effects on the leak repair'subsys’tém?

.4 What are the sbpace effects on the EVA suit subsystem?

1.1.3.7.

2.4 Vacuum

.1 What are the effects of space vacuum on crew protection

by the use of the atmospheric supply and purification
system functions? .

.2 How does a space environment influence the flexible-

airlock and space-suit subsystems?

.3 What aré'.the space effects on the leak detection and

1.1.3.8

repair subsystem for protection from space vacuum?

Integrated Life Support Systems

.1 What are the zero-g effects on maintenance and repair

procedures?

.2 What are the zero-g effects on the EC/LS system controls?

.3 Whatarethe space effects on an integratedanimal EC/LS system?

.4 What are the space effects on the integrated EC/LS system

and power?

.5 How does space affect an integrated life support system?
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.2 ENGINEERING EXPERIMENTS

.2.1 DATA MANAGEMENT SUBSYSTEMS
.2. 1.1 Computers

.2.1.1.1 Digital (See 1.'2. 1.1.3)

. 2. 1.1.2 Analog (See 1.2.1.1.3)
.2.1.1.3 Hybrid

.1  What are the performance requirements of the (digital, analog, PS
hybrid, or special purpose) computers?

.2 What computing tasks will be assigned to the (digital, analog, PS
hybrid, or special purpose) computers?

.3 What are the size and power requirements of the (digital, analog, s
hybrid, or special purpose) computers?

.4 What are the affects of zero-g operation on the (digital, analog, PS
hybrid, or special purpose) computers?

.5 What specialized maintenance problems exist in space vehicle PS
operation for the (digital, analog, hybrid, or special purpose)
computers?

.6 What environmental loads will result from the (digital, analog, NS
hybrid, or special purpose) computer operations?

.7 What output formats (digital, analog, hybrid, or special purpose) s
are available, and which of these are suitable for the space vehicle
requirements?

.8 What (digital, analog, hybrid, or special purpose) computers are Ps
available for the space vehicle tasks, and what modifications will
be necessary for the experiment technology required?

.9 What space vehicle operational skills will be required to run the 1-0E5
computers, or is it advisable for each investigator to be trained
to run the (digital, analog, hybrid, or special purpose) computers
for his own work?



.10

N

.12

.13

What are the development and flight qualification pfoblems, and
respective costs for the space vehicle (digital, analog, hybrid,
or spccial purpose) computers? o '

What (digital, analog, hybrid, or special purpose) computer
requirements of Space Medicine (Paragraph 1. 1), Operations
Experiments (Paragraph 1.3), and normal housc keeping can
be consolidated as hopefully one centralized master computing
facility?

What special maintenance and/or operation problems will arise
from computer operation at zecro-g, and can thesc be accomp-
lished within the assigned time constraints?

What computer contributions can be made to mental recreational
games during long space vehicle tours of duty?

1.2. 1.2 Spedialized Data Processors

1.2.1.2.1

1

Converters

What A to D, D to A, temporary to permanent, permanent to
temporary, etc.,, converters will be required for the centralized
computer facility? ‘ '

What are the task, performance, size, weight, and power
requirements for these converters?

What are the zero-g, environmental load, logistic support, and
maintenance requirements for these converters?

What converters are available for the space vehicle tasks, and
what modifications will be necessary for the experiment tech-
nology required?

What are the development and flight qualification problems, and
respective costs for the space vehicle converters?

What are the converter requirements of Space Medicine
(Paragraph 1. 1), Operations Experiments (Paragraph 1.3), and.

normal house-keeping; and can these requirements be consolidated?

What space vehicle instruments or instrumentation subsy.étems

would perform more us eful functions if dual-unit converters were
provided; for example, a scientist and an engineer trying to make

a quick experiment decision where one was familiar with metric
units and the other with English units? '

B-1-77

PS

1-0E-S

PS

1-MM-6

PS

PS

PS

PS

PS

PS

PS



1.2.1.2.

2

(O3]

1.2.1.2.

Optical Readers

What types of optical readers will be required on the space
vehicle; will these be optical projection and/or CRT?

What computer outputs may be considered for these readers;
for example, digital or analog, or photographic film from
temporary or permanent storage?

What size viewing screens will be required; for example, large
size for multiple viewing, or page size or smaller for a single
investigator?

What are the weight, power, environment, maintenance, and
logistic support for these readers?

What are the current state-of-the-art and the development and
cost projections for these readers through flight qualification?

What are the optical reader requirements of Space Medicine
(Paragraph 1.1), Operation Experiments (Paragraph 1. 3), and
normal house-keeping; and can these requirements be
consolidated?

What advantages could be derived from a pocket-type optical and/
or CRT reader that could be plugged into special outlets through-
out the space vehicle?

What type of personal and/or group microfilm reader, and w hat
kind of film retrieval techniques will be required on the space
vehicle? 4

What are the requirements of an onboard scientific and recre-
ational microfilm library, and what retrieval techniques will be
utilized?

Personal Calculators

What kind of desk-type electronic calculators would be required
for the space vehicle; for example, a calculator with the pro-
vision of recording an accumulation of use time in several
categories, such as emergency problem solution, input prepara-
tion for main computer, low-level assistance in experiment,
station problems, recreational problems, -etc?

What special requirements of power, weight maintenance, logistic
support,and zero-g operation will be imposed on the space

vehicle?

What special-purpose slide rules, nomographs, tables, and
charts will be required to support the experiment programs.
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1.2.1.2.5

- What personal calculators will be r‘equir‘ed'tjo suppo'.rt Space

Medicine (Paragraph l. 1), Operations Experiments (Para-
graph 1.3), and normal house-keeping; and which of these
requirements can be consolidated? ’ '

Multiplexers

What kind of digital multiplexing will be required for both
computer input and output?

What kind of analog multiplexing will be required for both
computer input and output?

What buffer storage requ1rements will be 1mposed upon the digital
and analog multiplexing?

How good are ground test contingency predictions in .1 through
.3, as related to actual flight usage?

What are the weight, power, environment, maintenance, and
logistic support for these multiplexers?

What are the current state-of-the-art and the development
and cost projections for these multlplexers through flight
qualification?

What are the multiplex requirements of Space Medicine
(Paragraph 1. 1), Operations Experiments (Paragraph 1.3), and
normal house-keeping; and which of these requirements can be
consolidated on a noninterference basis?

How can man control the possibility of multiplexer and/or buffer
storage overload by slight or major schedule shifts?

Time Generators
What time base(s) will be required on the space vehicle; for
example, realtime, experiment repetitive time, Earth zonal

time, siderial time?

What time format(s) will be most useful to experiments; for

example, decimal time or hours, minutes,and seconds?

What does sustained zero g do to wrist watches, or should all
such personal time pieces be synchronized to the centralized
time generator?

What spec1a1 problems are imposed on th'e’time generator for

its conversions to usable analog and digital values; for example,
formats acceptable to computer 1nputs and outputs?

B-1-79

"1-OE-5

NS

NS

NS

PS

PS

PS

1-0E-5

PS

PS

NS

oP

PS



1.2.1.2,

What are the current state-of-the-art and the development and
cost projections for these time generators through flight
qualifications?

What are the time basc requirements of Space Medicine
(Paragraph 1.1), Operations Experiments (Paragraph l.3), and
normal station-keeping; and how can all these requirements be
consolidated with a central time generation system?

Automatic Discriminators

What design criteria and requirements are imposed upon
automatic data discrimination?

Do the discriminators perform in actual space operations as
planned, or does man have to monitor these functions so that
critical data are not lost in the filtration process?

How can the discriminators be monitored, or how much interim
storage is necessary to prevent irrctrievable loss of valuable
data.

How may these automatic discriminators serve the requirements
of Space Medicine (Paragraph 1.1), Operations Experiments
(Paragraph 1. 3), and normal house-keeping; and can these
requirements be consolidated?

What are the zero-g, environmental load, logistic support, and
maintenance requirements for these discriminators?

What discriminators are available for the space vehicle tasks,
and what modifications are necessary for the experiment tech-

nology required?

What are the development and flight qualification problems, and

" respective costs for the discriminators?

1.2.1.3 Computer Programs

1.2.1.3.1 Onboard Programming

What computer technology library facilities are necessary for
onboard programming? .

What specialized peripheral scientific skills are required of the

space vehicle computer programmer, or is programming a
secondary skill of some onboard experimenter?
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1.2.1.3.2

1.2.1.3.3

What ground-based.computer facility communications are needed

for the programmer?

‘What onboard program checkout facilities are required?

Onboard Pr’ogranl Banks

What onboard technologies require a program bank for their
own work?

What specific program.s are required for cach technology?
What programs are common to more than one technology?
What program identification means quickly show a normally
nonusing technology the advantage of using all or part of any
given program?

What means most effectively allow the vmerger of one or more
programs into a new s pecial-purpose program?

What specific techniques are used to set up an onboard program
library, and how will it be stored?

What specific techniques provide the best program access?

Earth Programming and Program Banks

- What kind of Earth programming group is needed to support

the space vehicle?

What special communication requirements are necessary to link
space vehicle with Earth programming and banks?

What emergency earth programming facilities can be put into
action, and how long will this take?

What priority system is required to set up a supplemental

"emergency programming facility?

What determines the qualifications of the emergency program-
ming personnel and facility, and how can they best be. put into
instant action?

What special training is required to. 1ntegrate the Earth and

space crews if an emergency requlres instant programmmg
service?
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L7

What methods and techniques integrate Earth program banks
with the spccial programming group, particularly in the event of
an emergency?

1.2.1.4 Temporary Data Storage

1.2.1.4.1

1.2.1.4.2

Investigator Written
What kind of paper and writing instruments are required on the
space vehicle?

What kind of paper and writing instruments are required during
EVA?

What methods should be used to dispose of used paper?

What are the best methods to store paper records and notes, and
to retrieve same when gravity forces are absent?

What paper substitutes and processes might be considered for
space vehicle use; for example, edible paper, plastic paper,
inorganic or metallic sheets, chemical erasing, magnetic erasing,
abrasion erasing? :

What kind of color writing instruments are desired?

What kind of printed forms, data sheets, charts, graph papers,
carbons, and engineering and scientific stationery items are
required?

What other stationery aids are required; for example, magnetic
paper clips, magnetic staples, static or suction attraction of
paper materials to desks, and how can a planimeter be made to

work without gravity?

What means are used to reproduce charts, graphs, etc?
Investigator Photographic

What kinds of personal cameras, both still and movie, are
required by the various investigators?

What EVA cameras are required?

What photographic developing and printing facilities are required,
and how shall these be modified for zero-g operation?
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1.2.1.4.3

1.2.1.4.4

What methods are required to store both unused and processed

'photographics, and w‘hat retrieval aids best as‘sist the users? ,'

What hazards to the environmental control sybtem come from |
photographic mater1a1 outgassing?

What peripheral accessories are required; such as lenses,
exposure meters, special qetups for microfilming, and micro-
film quick access. : :

What disposal facilities are required for used photographics?

What photographic projection facilities are required?
Investigator Audio

What kinds of miniature audio tape recorders are required for
the investigators while monitoring experiments and while on active
station duty? :

What special tape recorders may be required for EVA experi-
ments or duty?

What transcription facilities are requlred for permanent

- recording; for example, high-speed transmission to Earth for

transcribing and digital transmission back to space vehicle for
onboard printout?

What advantages could be derived by numerous investigator plug-in
points for recording on a central space vehicle tape recorder; for
example, higher fidelity, parallel recording of real t1rne during
critical experiments?

What special training would optimize the effectiveness of the
investigator versus the transcriber?

What methods or facilities best make the transcribed audio

tapes more accessible to the investigators and to the pertinent
parts of the experiments in question?

Computer Storage

What conversion techn1ques allow all levels of experiment-
generated data to be fully reduced or partlally reduced for
temporary storage’?

‘What computer-storage fac111t1es are requlred for temporary
data storage? -
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1.2.1.5

1.2.1.5.

What logistics advantages might show up in Earth storage
of data, along with an upgraded communications link to allow
same?

What is the weight, power, environment, maintenance, and
logistic support for the computer storage units?

What is the current state-of-the-art, what are the development
and cost projections for the storage units through flight qualifica-
tion, and which of the current units are adaptable for flight?

How can man control the possibility of storage overload by shght
or major schedule shifts?

Permanent Data Storage

1

Magnetic Tape

What magnetic-tape permanent storage units would be adaptable
to space vehicle data permanent storage?

What data-storage capacity would be required, and how much of
this should be relegated to magnetic tape units?

What is the maximum rate of storage for the magnetic tape units,
and what is the most critical duty cycle for high storage rates?

What buffer storage, temporary data storage, or Earth storage
would be required to minimize the onboard magnetic tape storage
units?

What maximum access rate would be required for the magnetic
tape units?

What optimization factors in work-rest duty cycles, and experi-
ment schedules provide the minimal peak loads on the magnetic
tape storage units?

What is the current state-of-the-art and what are the development

and cost projections for the permanent magnetic tape storage
subsystems through flight qualification?
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1,2.1.5.2"

.10

.11

1.2.1.5.3

Digital Printout

What digital printout units would be adaptable to space vehicle
permanent data storage? '

- What are the state-of-thc-art limitations in the printout speed

and usable information density per unit printed area?

What is the lowest limit of character size that can be rapid-
access printed without loss of ]eglblhty’?

~ What magnification systems could be utilized to énlarge

microminiaturized printing?

What comparative advantages could be shown for microminiature
printout rolls, sheets, or cards?

What access techniques could be used for repetitive neceds if the
printouts were rolls, sheets, or cards?

What techniques would be best to provide duplicate or multiple -
copies?

What paper substitutes and processes might be advantageous for
printout devices; for example, edible paper, combustible paper,

reusable inorganic paper such as metallic foils, reusable plastics,

magnetic erasing, or abrasion erasing?
What are the maintenance problems for the printout units?

What number of printout units would be required to take care of
peak loads and/or downtime?

What would be the development costs from new concept printers
(or the type(s) selected) to the flight-qualified hardware stage?
Microfilming

What microfilming equipment would be adaptable for the use of
space vehicle permanent data storage?

What are the effects of zero g on microfilming equipment, and
what revisions would have to be accomplished to make developing
and processing film practical in space? :

What micromicrofilming techniques and equ1pment would be
adaptable for the space vehicle?
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.4 What microfilm reading equipment would satisfy the overall NS
system? '

.5 What rapid microfilm information retrieval systems are available? Ps

.6 What are the manned operational problems on the microfilming " 1-EEA
storage system?

.7 What would be the development costs from the new concept PS
microfilmer through flight qualification?
1.2.1.5.4 Magnetic Core
.1  What magnetic core systems would be adaptable for permanent NS
or semipermanent data storage?

.2 What is the maximum storage density foreseeable in the future; PS
for example, microminiature semiconductor storage? :

.3 What are the comparative advantages and disadvantages of mag- PS
netic cores over other storage devices?

.4 What is the development cost to provide an optimum core storage s
unit for the space vehicle?
1.2.1.5.5 Microchemical Storage
.1  What microchemical techniques would provide potential application es
to space vehicle permanent data storage?

.2 What input-output devices would be available and adaptable to
microchemical techniques?

PS

.3 What are the comparative advantages and disadvantages of these NS
techniques over other storage devices?

.4 What is the development cost of a microchemical storage system PS
that would be competitive with other storage devices?

1.2.1.5.6 Investigator Storage

.1  What type and format of pefsonal notebooks can be developed PS
which will be conserving of volume for permanent data storage by
space vehicle experimentors?

.2 What alternate techniques like Polaroid microfilming might 1-EE-)
replace notebooks and their accumulation of investigator data?
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1.2.1.5.

“What type ()f rapldly erasable shl,cts (ould be- dcve,l()ped to be ‘

used in Con]unctton with Polaroid- typc mic rofllrnlng?

What type of CRT short- tlmo (1 day max1mum) storage- dlsplays
could be developed which could reduce the quantlty of paper
storage and paper expendables (this to be used in conJunctlon with
microfilming)? <

What kind.of personal.Qui(:k—acccss_microfilrn reading equipment
is adaptable for the experimentors? - -

What kind of work effectiveness would be gained or lost by the use
of the specialized personal storage and retrieval devices?

What kind of personal training would be required in the use of
specialized data storage and retrieval devices?

What special problems arise in the use of personal data storage
and retrieval devices in a zero-g environment?

What is the development cost of specialized personal data storage
and retrieval devices?

Earth Storage

What techniques are necessary to transmit prepared space
vehicle data for permanent Earth storage

What degree of digital onboard data processing would be
advantageous prior to permanent Earth transmission and storage?

What are the optimum techniques or methods for preparation of
astronomical photographic data prior to permanent Earth trans-
mission and storage? :

What are the optimum techniques or methods for preparation of
analog data prior to permanent Earth transmission and storage?

What are the resolution losses in photographic and/or analog data
as transmitted to Earth for permanent storage and later back to

the space vehicle.

What are the logistic power penalities per bit of 1nformat10n for
transmission back to the space vehicle?

What' are the logistic power penalities per square foot of analog
data that is retransmitted back to the space vehicle?

What are the development costs for the analog Earth storage
preparation units?
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.10

What are the development costs for the digital Earth storage
preparation units?

What are the development costs for the high resolution astronom-
ical photographic Earth storage preparation units?

{.2.1.6 Data Collection

1.2.1.6.1

1.2.1.6.2

Hard Wires

What kind of plug-in and multiple-shield wire systems are
required to supply a linkage from the various data collection
stations to the computer?

What are the extreme ranges of signal level, so that shielding
requirements may be established?

What advantages would be established for multiple preamplifiers
built into the terminal transmission points of each wire linkage
subsystem?

What are the tradeoff circumstances which may mandate that
each experiment (planned for hard wire link to computer) carry
its own preamplifier, so that station point-to-computer wiring
may be standardized?

What checkout equipment can provide assurance of wire-to-
computer integrity from each plug-in station point?

What are the development costs for each hard wire data collection
subsystem?

Telemetry
What multiple channel telemetry systems are adaptable to the
space vehicle for experiment-to-computer linkage?

What interferences to or from the telemetry link could be expected
from other experiments or from the space vehicle operations?

What maximum overall resolution or accuracy can be expected
for an optimized telemetry system?

What special requirements must be met for the telemetry trans-

mitters, and what experiment-to-transmitter types of input need
to be considered?
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fo space vehicle data collection systems'’

Wlmt |)v(‘1 al requitements must be met fot the tele mk,Lry
réceivers, mnl what reccive r—tn-( omputor types. ul mput

‘n('( d to be considered?

What arce the development costs Trom |)rnloty|w felemetry
sYsl‘vnm' to specialized flight hardware?

Tight Beam(s)

What kind of visible beam transmission systems arce applicable
pl

What arce the most effective conversion units linking expe rimaent
to plug-in transmission points?

What are the most effective conversion units linking beam
terminus to computer input?

What kind of guarded transmission pathways would prove most
clfective inside the space vehicle?

What comparative advantages and disadvantages does tight
beam transmission have over other types of systems?

What kind of maintenance problems would result from the rise
of the Tight beam data transmission syslzurns? '

What special restrictions would the experiments impose on the
overall beam transmission?

What arc the development costs [rom prototype beam data
transmission to flight-qualificd hardware?

What view-port light beam interference problems would arisc
from propulsion and waste expendable condensation on these

‘surfaces.

Audio From Experimenter

What kind of audio systems can be uscd to advantage in space
vehicle data collection problems? :
What kind of microphonce-to-transmission hnv units would be

required, and what number o plug-ins wuul(l be'necessary to
cope with all experiment situations? '
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1.2.1.7

102,01, 7,

What alternate configuration advantage can be shown with a
miniature, portable audio experimentor hand-carried tape
recorder; with a second channel simultaneous station time
recording? '

What techniques can be used to retransmit the portable-generated
audio tape to computer storage? Should this be at any one of
multiple input points within the space vehicle or at the central
computer location?

What audio or digital code techniques can best process or
retrieve the audio-taped information?

What training techniques would serve to optimize the experi-
mentor's role in the audio-tape data collection system?

What are the development costs from prototype audio data
collection systems to flight qualified hardware?

Data Retrieval

1

CRT Displays

What kind of CRT display systems are adaptable to space vehicle
data retrieval problems?

What advantages can be derived from color CRT for output data -
discrimination, particularly for analog curves?

What size CRT data retrieval displays (large screen for
simultaneous group observance or personal small units) are
required?

What maximum time display-storage requirement need be con-
sidered for the space vehicle?

What photographic and/or microfilming techniques need be con-
sidered to preserve the displayed CRT information/data?

What mechanical or electronic overlay grids would be required
for the CRT displays?

What short-time electronic storage banks can better link the CRT
displays to the experimentor in his evaluation and processing

of data? '

What kind of audio recall system can be integrated with the CRT
displays?
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.9 _What short-time stolabb audlo CRT storage banks can be’ recalled NS
_in mutual sequenced relationship for better linking the ‘data .
retrleval displays to the cxpcrunentor? : ‘

. 10- What kind of tramlng programs can provide the experimentor with s
more effective use of the data CRT display retrieval system?

.11 What are the development costs from prototype CRT systems » Ps
to flight-qualified hardware?

1.2.1.7.2 Digital Printout
.1 What automatic erasable digital printout units can be developed . PS

for space vehicle data retrieval systems?

.2 What role could microcharacter printers with associated CRT - VEEA
enlargers play in digital printout subsystems?

.3 What kind of rapid access units are available for retrieving film PS
or printed microcharacter data?

.4 What are the maintenance problems for the automatic erasable PS
digital printout subsystems? 1

.5 What are the developmeht costs for the automatic erasable PS

digital printout subsystems from prototype to flight-qualified
hardware?

1.2.1.7.3 Analog Plotting
.1  What analog plotting units are adaptable to space vehicle data - PS

retrieval subsystems?

. 2‘ What is the maximum resolution, accuracy, and plotting speed . NS.
for automatic point plotters?

.3  What is the maximum resolution, accuracy, and plotting speed . 'Ns
for automatic line plotters?

.4 What are the equipment miniaturization limits, and what effects ‘AC
.will zero g have on plotter operatlon'?

.5 What possibilities exist for dev151ng reusable paper ‘or film for N
the analog plotters?

.6  What possibilities exist for c0101 or symbol discrimination in - NS
miniaturized automatic plotters'? :
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1.2.1.7.

4

What photographic or electro-optical enlargement units are
adaptable to the miniaturized plotters?

What copying techniques are adaptable to the photographic or
electro-optical enlargement units; and what would zero-g do to
their operation?

What are the development costs for the analog plotter subsystems
from prototype to flight-qualified hardware?

Microfilming

What temporary microfilming process would have a comparative
advantage over permanent microfilming?

What space vehicle disposal techniques are adaptable to con-
suming or reusing the unwanted microfilm records?

What are the manned operational problems on the microfilming
retrieval system?

What developmental costs for a temporary microfilming process
will be added to those of permanent microfilming (as covered in
1.2,1.5.3)?

Onboard Data Transmission

.1

Experiment to Investigator h

The critical issues relating
to Paragraphs 1.2.1. 8.1
through 1.2.1. 8.5 are

> covered under Data

Experiment to Computer

Investigator to Computer Collection (1.2.1.6) and

Data Retrieval (1.2.1,7).

Experiment to Experiment

Investigator to Investigator J
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1.2.1.9 E'V Data Transmission

1.2.1.9.1 Expcriment to Investigator M

1.2.1.9.2 Experiment to Computer

The critical issues relating to
> Paragraphs 1.2.1. 9.1 through
1.2.1.9.3 are covered else-
where under Data Collection
(1.2.1.6) and Data Retricval

1.2.1.09, J ‘
9.3 F\p(,rmlcnt. to Experiment y (1.2.1.7).

1.2.2 ELECTRICAL POWER

1.2.2.1 Solar Cells

1.2.2. 1.1

Rigid and Semirigid Arrays

Deployment Mechanism Performance.
Array Dynamics During Deployment.

Thermal Gradients and Distortions as a Function of Orbit
Position.

Measurement of Affects of Thermal Cycling and Thermal Shock
on Substrates. , -

Cell/Module/‘Panel Replacement in OrBif..

Substrate Coatings (Backside) for Heat Rejection.

Effect of Shock Loads on Deployed' Array.

Gimballing Mechanism Accuracy, ReliaBility, énd Performance.
Slip Ring Design and Power Transfer.

Ground Handling, Checkout Equipment and'Clean—Roorﬁ
Requirements.

Cells

’ Performahce Evaluation of Silicon Cells.

Performance Evaluation of Thin Film CdSs Cells.

Effects of Micrometeoroids _or'1_vC,o-ve'r Glasses.
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1.2.2.1.3

.10

Effects of Ionized Radiation on Cells, Adhesives, and Cover
Glasses.

Interconnect Degradation and Reliability.
UV Reflective Coating Performance.
Cell Backside Photon Reflective Coating Performance.

Evaluation of Solders.

Roll-Out Arrays

Roll-out Deployment Mechanism Performance and Reliability for
Multiple Cycling.

Membrane and Array Deployment Dynamics.

Determination of Damping and Means of Improving Damping
Coefficient.

Thermal Gradients and Distortions as a Function of Orbit Position.
Effect of Shock Loads on Deployed Array.
Cell/Module Replacement in Orbit.

Cabling (Flat versus Round) Performance, Connections, and
Replacement.

Ground Handling, Checkout Equipment and Clean Room
Requirements.

Gimballing Mechanism Performance and Reliability.

Slip Ring Design and Power Transfer.

1.2.2.2 Battery

i.2.2.2.1

Cells

What is the effect of zero g on electrolyte concentrations in
localized areas?

What is the effect of vacuum and ionized radiation on corrosion
and leakage?

What are the fire and explosive hazards of cells in space?
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.4 ‘What instrumentation is required in space for accurate.. - ST N
g determlnatlon of state of charge and d1scharge? o S

.5 What is the effect of space on battery cell seal deSLgn’? R c’;#-

.6 How do the '1mproved separator materlals compare to state of op
art separators in space? ' : o '

.7 What is the shelf‘ and standby life of a cell in space? " opP

1.2.2.2. 2. Stacks/Modules

.1 How does space environment affect battery charge limit? . OP
.2 What is the feasibility of operation in space of vented battery? NS
.3 What is the effect of space on individual cell and battery | 1-0E-2

maintenance and replacement (electrically hot)?
.4 How does space affect thérmal control? o op
-Passive?
Heat transport liquid loop?
. Heat pipes?

.5 What is the rating and what factors influence the battery cycle life ps -
versus depth of discharge in space?

.6 What is the battery efficiency in space? : op
.7 What is the "exact' point of full battery charge in the space op

environment' :
.8 What is the battery shelf-life in space? - PS

1.2.2.3 Fuel Cells

.1 What is the effect of the space environment on cell performance? . PS .
.2 .What is the effect ‘of the space enf/ironment on long operating life? | ﬁe'
.3 What is.tlr:l_e effe.ct of the spacel 'enfv'iron'nnent on fu-el cell shelf life? .P_s o
.4 What is the fpe rforrnance of auxiliary' cdmpenents ‘in .s‘pace”?." o }Ps -
.5 What is the effect of reactant 1mpur1t1es on:cell operatlon 1n space'? PS -

.6  What is the effect of space on 1nd1v1dua1 cell and module . ., . ps
maintenance and replacement? . = :

' B:1-95, -



.10

What is the effect of ionizing radiation in space on fuel cell
performance?

What components and subsystems can be used in space for effec-

tive utilization of the fuel cell water byproduct?
What is the performance of storable reactant fuel cells in orbit?

What is the performance of regenerative fuel cells in space?

1.2.2.4 Brayton Cycle

1.2.2.4.

1.2.2. 4.

1

2

Component

Performance Test of Gas Bearings.

Vibration and Shock Loadings on Turbme/Compressor/Alternator

Performance,

Heat Transfer Characteristics of'Heat Transfer and Rejection
Loops.

Direct Gas Radiator Performance.

Evaluation of High-Temperature Insulations.

Subsystem

Control System Sensitivity to Transient Thermal and Electrical
loads.

Dynamic- Machinery Stability,

Pressure Surging and Prevention.

Maintenance and Replacement in Space.

Startup and Shutdown Effects on System.

Perférmance at Off-Design Operation.

Thermal Gradients, Strains, and Creep Measurements of High-
Temperature and High- Loaded Parts.

Isolation of Adjacent Hot and Cold Running Components.
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9

.10

Gas Injection VS,

Evaluatmn of Contammate Bulldup in Worklng Fluld and Heat
Transport Loops.

ng Startup.

1.2.2.5 Rankine Cyclé-

1.2,2.5.1

1.2.2.5.2

Component

Boiling in Zero G.

Condensing in Zero G.

Evaluation of Working Fluids.

‘Bearing Testing.

Vibro.'cion and Shock Loadings on Turboalternator.

Heat Transfer Characteristics of Heat Transfer and Rejection
Loops. '

Improved Methods of Boiler Wetting.

" Effects of Fluid Leakage and Spills on Materials.

"Establishment of Clean-Up Procedures for Fluid Leakage.

Subsystem

Control System Sen51t1v1ty to Transient Thermal and Electrical
Loads.

Stablllty of Dynamlc Machinery.

Erosion of Parts and Components

Corrosion_and.Buildup of Depos1ts.

Fluid Slugging, Channeling, and Strat.ificvation..‘

Fluid Injection and Startup in Orbit.

Shutdown Procedures in Orbit.

" Collection of Fluids or Mon1tor1ng Where F1u1d Is'in L00p After

Shutdown.

. B-1-97

PS .

PS

PS
PS
PS
PS
PS

PS

PS
253

PS

PS

PS
PS
PS
PS
]
PS

PS



.10

1

.13

.14

Prevention of Fluid Freeze in Standby or Shutdown Condition‘.
Breakdown and Contamination of Working Fluid.

Paralleling of Subsystems and Load Sharing Control.

Load Control Evaluation.

Maintenance and Replacement.

Thermal Gradients. Strains and Creep Measurements of High-
Temperature and High-loaded Parts,.

1.2, 2.6 Thermoelectric

.10

11

.12

.13

.14

What is the effect of space environment on radiator coatings?
What is the effect of zero g on fluid-flow channeling hot épots?
What is the effect of space environment on converter materials?
What is the effect of space environment on electrical insulation?
What is the effect of space environment on thermal insulation?

What is the effect of space environment on startup and shutdown?

What is the effect of space environment on repair and replacement?
What is the effect of launch environment on T/E material integrity?

What is the effect of space environment on EM pump performance?

What are performance characteristics of expansion compensator
in space? :

How are contaminates removed from heat transport fluids in
space?

How are fluid levels measured in space?

How are freeze-ups in fluid loops prevented during shutdown in

- space?

How does the space environment affect improved T/E materials?
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1.2.2.7 Thérmi()nics

.10

11

.12

What is stabilit‘y of T/I materials in space environment?

‘What is effect of zero g on fluid flow of out-of-pile diodes?

What is effect of space environment on electrical insulation?
What is effect of space environment on thermal insulation?

What is effect of space environment on startup and shutdown?

‘What is effect of space environment on repair and replacement?

What are performance characteristics of expansion compensator

in space?

How are contaminantants eliminated or removed from fluids in space?

How are freeze-ups in fluid loops prevented durmg shutdown in
space?

What are performance characteristics of cesium temperature
control systems in space?

What are performance characteristics of diode seals in space?

What is the effect of cesium leakage in space on diode
performance and adjacent components and wiring?

1.2.2.8 Nuclear Heat Sources (Reactors and Isotopes)

What is effect of space environment on emergency operation?

What is effect of high vacuum on control drum and heat dump
door moving parts?

What are the real radiation levels from nuclear heat sources in
space?

What is the effect of space environment on deployment booms?
What is the effect of space environment on heat source replacement?

What are the effects of deployed radiators or docked spacecraft
on radiation levels due to scattering?

What is the effect in space of liquid metal leakage from the
primary heat transport locp? :
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What is cffect of zero g on fluid flow heat transfer Lharacterlstl( s

. and channeling in recactor loop?

What is effect of space environment on primary loop pump and
expansion compensator performance?

1.2.2.9 Radiators

1.2.2.9.1

1.2.2.9.2

Heat Transport Loop

Fluid Flow Stability.
Prevention of Fluid Freezing During Shutdown.
Effects of Contaminates in Fluid.

Evaluation of Fluids and Determination of Handbook Design Data
for Operation in Space Environment.

Pump Evaluation.
Seal and Connector Performance.

Evaluation of Flow Control and Sensing Instrumentation and
Equipment.

Evaluation of Feasibility of Component Repair.

Determination of Parasitic Thermal Losses.
Heat Pipe

Evaluation of Wicking Designs and Materials.
Evaluation of Working Fluids.

Determination of Thermal Resistance Coefficients Between Heat
Pipe Plate and Member Due to Contact Pressure.

Determination of Handbook Design Data for Operation in Space
Environment.
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1.2.2.9.3

1.2.2.10

Radiator

| Metcoroid Effects on Coatings.

Jonizing Radiation Effects on Coatings.
Application of Coatings in Space.
Prevention of Liquid Freezing.

Deveclopment of Modular Maintenance and Replacement.
Evaluation of Deployed Radiators.
Evaluation of Meteoroid Bumpers.
Evaluation of Radiator Materials.

Determination of Parasitic Thermal Losses.

Power Conditioning

What are the loads in space of the magnetic pull of the alternator
rotor on bearings due to eccentricity in the winding gaps?

How does the space environment influence flash-over for h1gh-
voltage systems?

How do the load and thermal transients from operating. in space
affect load sharing and off-design operation?

How does the space env1ronment affect the rellablhty of the
components?

How does the space environment affect the performance of
insulations?

What are the pattern and causes of electromagnetic interference
generated by onboard equipment?

What are the performance characteristics of superconducting

_alternator and auxiliary support equipment in the space environment?

What is the optimum technique for ma1ntenan(,e and replacement of

components ?

What is the effect of the space environment on the overload rating

of equipment?
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1.2.2.11

Power Distribution

What is the effect of space environment on current and voltage
rating of wires?

What is the effect of higher operating voltages on subsystem
performance?

What is the best means of suppressing electromagnetic
interference?

What is the effect of the space environment on protection equip-
ment (reverse current relays, circuit breakers, diodes, fuscs)?

What is the effect of the space environment on connectors,
switches, and buses?

What are the savings and penalties of single wire, paired wire,
and shielded pair distribution in space?

What are the combined affects of space environment, high
temperature, corrosive fluids. and abrasion on wire insulation?

How does flat cable compare to conventional cabling in the space
environment?

How does aluminum wiring compare to copper wiring in the
spacecraft?

1.2.3 STABILIZATION AND CONTROL

1.2.3.1

1.2.3.1.1

Force/Moment Perturbation

Systematic

1.2.3.1.1.1 Atmospheric

What are the magnitudes and profiles of aerodynamic force and

moment acting on space vehicles of certain basic shapes
(including fixed and gimballed solar panels)?
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—

1.2

1.2

p—

.1

1.2

.1

.5 Liquid Circulation

What disturbances are gencrated by the circulation of large
amounts of liquid as in EC/LS systems?

Random
.1 Crew Motion

What are the magnitude and frequency characteristics of typical
crew motion perturbations?

.3 Meteoroid

What is the frequency of impact of meteoroids of different
momenta? '

.4 Vibration

What is the vibration environment generated by rotating devices
(such as centrifuge and generators)?

.5 Docking
What range of loads are generated durinig docking maneuvers?
.6 Tether

What loads are generated between tethered units?
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1.2. 3.2 Sensors

[.2.3. 2.1 Independent of Fxperiment Apparatus

oo
o
oo

I Attitude
2.5, 2101001 Gyro

I What is the nominal accuracy of attitude gyros in the opcerational
space environment?

.2 Tlow does the zero-p environment affect the drift of inertial
devices?
.3 How does the space environment affect sensor reliability?

F.2.3.2.1. 1.2 Tlorizon Scanner

I What is the nominal accuracy of horizon scanners in the
operational spacc environment?

1.2.3.2.1.2 Rate
i.2.3.2.1t.2.1 Gyro
I What is the nominal accuracy of rate gyros in the operational
space environmoent?
-2 Howdoes the zero-genvironment affcctthe driftofinertial devices ?

1.2.3.2.1.3 Acccleration

. 1 What is the nominal accuracy of accelerometers (transitional and
rolational) in the operational space environment?
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.3 Control Force/Moment Generators

301

.30 1.

.10

11

.12

.13

Propulsion Devices (Mass- Expulsion)

.1 Chemical
. 1.1 Iiquid Systems

.1.1.1 Propellant Storage and Management

1.1.1.1 Thermal Environmenti

What are the temperature extremes of the surroundings?
What are the propellant temperature constraints?

Is the structure that supports the system designed to minimize
thermal losses?

Is insulation required?

What kind of insulation can be used?

Is the structure éoﬁpatible with the insulation?
Are heaters and thermostats required?

Which items require heating?

Areé the items needing heat physically compatlble with heater-
thermostat installations?

What are the power limitations?

Are the system lines and components grouped to minimize
power requirements?

What thermal control coating (as/.e ) should be uséd?

What are the long term environmental effects on the thermal
control coating?
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1.2.3.3.1. 1. 1. 1.2 Tank Materials

1.2.3.3.

1.2.3.3.

1.2.3.3.

What are the material compatibility problems for the propellant |
tanks and associated equipment?

How are these problems affected by:

a. Temperature?

b, Pressure?

c. Space Environment? (Such items as radiation and meteorite
effects.)

d. Electrolytic action?

What is the vibration environment and how does it affect the
selection and design of propellant tankage and materials?

1.1.1.1.3 Propellant Utilization and Monitoring

Are '"off-mixture-ratio' operations possible and/or desirable?

How can these operations be ascertained, and corrective action
taken?

What are the parameters that need to be monitored?

What are the required instruments and the frequency of
measurements?

Is there any special support equipment (such as computers and
programs) required? '

1.1.1.2 Propellant Expulsion

1.1.1.2.1 Pressurization Systems

What are the pressurization systems applicable for long duration,
manned space missions?

What are the thermal problems associated with these systems?

What are the problems caused by the solution of pressurant gases
into the propellants? B
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.4 What are the problems assoc1ated with the opt1m1zat10n of. cychng opP
techniques?

.5 What are the 1mportant parameters requ1r1ng mon1tor1ng to assure op
proper system operation?

.6 How are corrective actions determined and affected? op

.7 What are the safety hazards and the governing control parameters? or’
1.2.3.3.1.1.1.2.2 Expulsion Devices
.1 What are the candidate devices for these applicaﬁons? ’ op

.2 What are the material and environmental problems associated opP
with the size of these devices?

.3 What are the cycling capabilities of these devices? ' op

.4 How extensive is gas per'meabili'ty and does it affect the system op
operation?

.5 What are the problems associated with malfunctions such as oP

leakage and piston misalignment?
1.2.3.3.1.1.1.2.3 Gravity Effects

.1 How does the zero gravity environment affect the RCS propulsion or
system performance? '

.2 What are the propellant settling and tank ventin.g problems? op
.3 What are the propeliant orientation methods and devices? op
.4 Are dielectrophoretic techniques effective and what are their . ‘op -

limitations?
.5 How are the propellant resupply and heat transfer problems oP
affected by low gravity fields? -
1.2.3.3.1. 1.4 Gaseous Propulsion Systems

1.2.3.3.1.1.4.1 Hot Gases

.1 What are the limitations of thrust, chamber’ pressure and 1mpulse PS
capabilities of the gaseous propulsion systems?
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.2 What are the thermal and matcrial problems associated with the PS
gencration and storage of hot gases used in RCS propulsion?
1.2.3.3.1.1.4.2 Hcated Cryogen

.1 Are the vented cryogen gases adaptable to RCS propulsion PS
applications?

.2 What are the power sources and required equipment for the PS
utilization of the expanded pressurant and cryogen vented gases?

1.2.3.3.1.1.4.3 Stored Cold and Heated Gases

.1 Arc main propulsion expanded ullage gases usable in RCS PS
propulsion systems?

1.2.3.3.1.2 Electric
1.2.3.3.1.2.1 Ion Engines
.1 What are the areas of applicability for the micro-thrust, high NS

ISP ion engines?

.2 What are the limitations for electric power requirements and NS
associated power conditioning? '

.3 What are the relative advantages and disadvantages of the contract g
and bombardment systems?

.4 Can thrust vector control provide for the stringent pointing NS
accuracies needed for space telescopic experiments?

.5 What are the operational problems arising from electrode NS
sputtering?

.6  What are the relative advantages of mercury and/or cesium NS
propellants?
1.2.3.3.1.2.2 Plasma

1,2.3.3.1.2.2.1 Arc Jet

.1 Can plasma thrusters be operated without interfering with vehicle s
communications and experiments?
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1.2.3.3.

1.2.2.2 Magnetoplasmadynamic (MPD)

.1 What are the performance parameters of MPD thrusters in the

hard vacuum of space?

-1.2.2.3 MPD Solid Fueled

.1 Can solid MPD thrusters be adapted to use the solid biowastes? |

.1.2.3 Colloid

.1.2.3.1 Needle

.1 What propellants can be best used with a colloid thruster for

optimum performance?

.2 How well does charge neutralization of the colloid beam work to

prevent vehicle charge buildup?

.3  What are the operational problems associated with the ejection of

1.2.3.3.

a colloid plume?-

1.2.3.2 Thin Slit

.1 Can the thin slit thruster be made to operate with powdered fuel?

S 1.2.3.3.

1.2.4 Resistojet

.1 What are the propellant systems most suitable for optimum use

with the resistojet?

.2 What thrust levels are best suited for control and are these

t_hrusters best used with CMG's?

.3 Can expanded pressurant ullage gas be used as propellant?

.4 What are the material, thermal, and electrical problems?

.5 How can the thruster design be improved to reduce electric power

requirements?

.6 How well does the thruster perform during off design operation?
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1.2.3.3.1. 4 Other Propulsion Systems

1.2.3.3.1.4. 1 Biowaste Rcsistojet

1.2.3.3.

1.2.3.3.

biowastes?

What arc the life support recovery cycle biowaste compositions
and mass production rates? '

What are the interface storage and feed system design requirements?

To what extent will the contaminants in the plume degrade the
vehicle surface and how may this be minimized?

What are the electric power requirements and controls?

1.4.2 Radio-Isotope

How does the radio isotope thruster performance compare with
resistojets?

What are the candidate isotopes and their availability?

What are the safety problems associated with the nuclear
radiation and what are the shielding penalties?

How does the design contend with the decay product helium
pressure buildup?

Has the technology advanced sufficiently to warrant its use in a
manned system?

1. 4.3 Subliming Solid

What are the areas of applicability for space vehicle systems?
What are the advantages of valved versus valveless systems?
What are the optimum propellant formulations? |

What are the thermal and electric power requirements?

How can the thruster's plume be prevented from condensing on
the sensitive surfaces of the vehicle?
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.2

2.

.1

Conservative Slibsyste ms
1 Magnetic

What magnetic control torque levels can be achieved for practical
power levels? '

. 2.3 Momentum Storagec

.1

.4

How does the zero-g environment influence the reliability of
momentum storage subsystems?

Control System Design

.1

. L

. 1.

.1

Modeling
1 Torquers
1.3 Nonlinear Effects

What are the nonlinear friction characteristics of CMG gimbals
in the zero-g environment?

. 1.3 Flexible Body

.1

.1

3.1 Bending

How can the body-bending characteristics of spacecraft be
represented? '

.1.3.2 Torsion

.1

How can the torsion characteristics of spacecraft be represented?
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1.2.3.4.

1.3.3 Deformation due to Solar Heat

.1  How can long thin appendages (booms and panels) be modeled to

1.2.3.4,

account for deformations duc to solar heating?

1.5 Isolation Systems

.1  How can isoclation systems be modeled to account for the

transmission of spacecraft perturbations to suspended experiment
packages?

1.2.4 NAVIGATION AND GUIDANCE

1.2.4.1

Attitude and Position Sensors

.1 Onboard Laser Ranging

.1l What navigation accuracy can be obtained using onboard laser

ranging to ground based optical prisms?

.2 What scheme is optimum for acquisition and tracking of the ground

prism by the laser beam transmitter?

.3 Do the prism areas derived theoretically provide the desired

1.2.4.1.

reflected signal strength?

2 Strapdown Inertial Measurement Unit

.1 Can inflight shutdowns and restarts of the Inertial Measurement

Unit (IMU) be accomplished without degrading the performance
or shortening the life span?

.2 Can the sensing elements (gyros and accelerometers) be replaced

and accurately calibrated onboard?

.3 How does a near zero-g environment affect the drift and drift

predictability of both the gyros and accelerometers?
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i.2.4,

1.3 Microwave Sensors

1.2.4.1.3.1 Radar Altimeter

1.2. 4,

.1

1.

.1

. L.

Are the theoretical accuracies for altitude, velocity, and attitude
measurements feasible for orbital navigation?

3.2 Navigation Satellite Ranging

4.

.
—

4.

How accurately can ranging to a cooperative synchronous satellite
be accomplished for Earth-orbital navigation?

What navigation accuracies are possible using navigation satellites
as artificial spectroscopic binaries (satellite transmits continuous
signal for Dopplar frequency measurements, discloses its orbital
elements and provides standard time signals) to provide data for
interplanetary navigation?

.3 Transponder Ranging

How accurately can Earth orbital navigation be conducted using
signal transmission on the spacecraft and reflection by trans-
ponders accurately located on Earth?

Optical Sensors
1 Star Trackers

What are practical limits between field of view and accuracy
‘requirements and what resolution of electronic scan devices are
required to provide these limits?

2 Sun Sensofs'

Are angular accuracies better than 2 arc-seconds realizable?
Can same accuracy be obtained in and out of Earth's atmosphere?

will proposed schemes for heat transfer from optics resolve
thermal stability problems for high-accuracy sun sensors?
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1.2.4.1.4.3 Known lLandmark Tracker
. I What number of landmarks must be used (o ensure four or more 1-EE-4.3
navigation updates during once orbit?

.2 Docs pattern recognition work -cliably? _ 1-EE-4-3
1.2.4.1.4.4 Unknown Landmark Trackers

.1 Can man-in-thc-loop significantly increase acquisition capability 1-.EE-4-3
and reduce amount of computerized scarch logic required?

.2 Arc accuracy and rcliability in unmanncd applications suitable for 1egas

accurate long term navigation required for orbit kecping and
experiment support?

1.2.4.2 Rendezvous and Docking Sensors

1.2.4.2.1 Llascr Optical Radar
.1 Can automatic docking be performed with 10 centimeters in oP
range accuracy and £0,02-degree angular accuracies?
.2 Is acquisition at distances up to 200 nautical miles possible with op
the same laser unit, ever at degraded accuracy?
1.2.4.3 Softwarc

I.2.4.3.1 Digital Fillers

.1 Will theoretically optimal, nondivergent filtering concepts work NS
in the true random phenomena experienced in space?

1.2.5 COMMUNICATION SUBSYSTEMS

1.2.5.1 Emecrgency Communication Subsystems

1.2.5.1.1 Repair:

.1 Repair of expandable antenna by EVA astronaut. This critical 1.0€ 2
issue relates closely to those involved in the manual capabilities
of the EVA astronaut.
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1.2.5.1.2 Auxiliary Emergency Systems

.1

Test of auxiliary emergency system. This experiment involves

test of the ablllty of an EVA astronaut to establish communication ‘

with ground, using a ''pocket" transmitter and deployable antenna.

1.2.5.2 Space Vehicle to and from Ground

1.2.5.2. 1

Optical Methods: Cloud Cover

Optical communication reliability (vehicle to ground). This calls
for an extended program of transmission to ground under typical
environmental conditions, including weather and Earth occlusion,
A statistical analysis of the reliability and error rate of the hnk
would be performed by ground-based computers.

1.2.5.3 Space Vehicle to/from Other Spacecraft

1.2.5.3.1

1.2.5.3,2

Secure Communication: 60 GHz RF Systems

Test of a 60-GHz data transmission system (vehicle/module).
Since this would be a system designed to be secure from ground,
the tests would involve (1) capability of the system as a data
transmission system, and (2) tests of the security of the system
from ground interception. ‘

Communication with EVA Astronauts

Test of closing velocity indicator for an EVA astronaut returning
to the mother ship. (For returns from fairly remote EVA, the

"unaided velocity perception of the astronaut may be poor, with

danger of a collision with the mother ship.) Two modes would be
tested. In one, the closing velocity of the astronaut would be
monitored by radar on the vehicle, and the astronaut would be
coached to a safe landing. In the other, the astronaut would be
provided with a small, self-contained Doppler radar, so that he
could monitor his velocity without assistance from the vehicle,

Tests of a system to maintain communication with an EVA
astronaut when occluded. The system would require deployable
relays, and the tests would provide 1nformat1on for optimum
design of these relays.
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1.2.5.4 Space Station to and from Dcep Space Vehicles

I.2.5.4.1 Optical Systems

. 1 Optical communication reliability (vehicle to deep space vehicle). 1-EE-5
An extended program of transmission from the DSV to the manned
vehicle would be undertaken using a prcarranged coded message.

The error rate and signal-to-noise ratio would be measured under
typical operating conditions. which would include effects caused
by relative vehicle velocities, pointing errors, and delay in
acquisition after occlusion. '

B-1-116



OPERATIONS EXPERIMENTS

.1 SPACE LOGISTICS AND RESUPPLY

.1.1

Interfaces

What are the design requirements for the following space vehicle

logistics interfaces to accomplish effective manned operations?
The devices and their requirements are:

.1.1.1 Docking Ports.

.1

Docking pdrté for cluster and large modules as well as small

man-transfer units considering positioning guidance, restraint,

(latching or other), safety.
Hatches and Airlocks

Hatches and airlocks to satisfy speed, gas dump, size
compatibility with various elements to be transferred, seal
protection, safety

Proximity Restraints and Positioning

Proximity restraints and position controls, such as tie downs,
clamps, cables, booms, and Velcro.

Umbilicals: Fluids, Electrical

Umbilical design to accomplish safe liquid, gas, or power
transfers. Disconnect design, remote operations of high
pressure systems, purging, and dumping.

Transfer Tunnels: Supplies, Guides, Men

Transfer tunnels for solids, men, supplies and their use in
proximity for long distance operations.

Transfer cables and guides for proximity and long distance

movement of elements..
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1.3.1.1.7 Operations Staging

.1 Staging and storage areas, either EVA or IVA. Design NS
requirements to make available various aids, consumables,
and checkout. What distances and locations are most
suitable for these areas?

1.3.1.2 Operations

What is man's capability to support logistics operations in support
of the space vehicle activities? What proximity or remote control
operations can make the best use of this capability? The operations
considered are:

1.3.1.2.1 Acquisition: Manned, Remote
.1 What are the problems of acquisition of various units in the 1-0E-4

space vehicle's proximity or in a compatible orbit (satellite)}?

.2 What is man's capability to steer close to unit and effect a 1-0€-4
"hookup'' in a safe and nondamaging manner?
.3  What are the tools and aids that best support these operations? 1.0E-4
1.3.1.2.2 Restraint/Positioning: Manned, Remote (See 1,3.1.2. 3)

1.3.1.2.3 Docking: Manned, Remote

.1 (a) Restraint and positioning of units or satellite and (b) docking 1-0E-4
to compatible units. What are the best procedures and designs?

1.3.1.2.4 Cargo Transfer: Manned, Remote iSee 1.3.1,2.5)
1.3.1.2.5 Storage/Resupply: Manned, Remote

.1 Cargo transfer and storage operations in space or IVA, What 1-0E-1-1
are the various container shapes, location, and storage pro- '
cedures best suited for space vehicle efficiency and flexibility?
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1.3.1.2.6 Disposal

.1 What techniques are best applicable to a safe disposal of used 1-0E-1-1
items? Different orbits? Deorbiting? Controlled Captivity?

1.3.1.3 Data Capsules

AC

.1 What is man's capability to handle data capsules of various
designs and sizes? Consider: ’
(a) Storage
(b) Loading techniques
ic) Transfer from storage to launcher
(d) Launch operations safety.
1.3.1.4 Personnel

What are the various mobility aids required to support man's '

logistic operations,and what are their peculiar design requirements

for maintaining efficiency and flexibility? The following items are

considered:

1.3.1.4.1 Mobility Aids

.1 Passive mobility aids in EVA and IVA such as body restraints, 1-MM-2
hand holds, design and location of rails and cables, use of
Velcro, magnetic devices, or other restraints allowing maxi-
mum body usage.

.2 Mechanical devices which man can use to move and still maintain 1MM2
some degree of body restraint in order to exert force. Consider
articulated and extendible devices.

.3 (a) Powered devices in IVA operations to transfer man or cargo 1-MM-2

and supplies to various attached modules. Consider rails, cables,
and conveyor systems.

(b) Powered devices in EVA operations to move man to the work area
or element. Consider backpacks, taxi modules, and hand-held
thrusters. What are the best design features for these units in terms
of mobility, station keepmg, restraint devices, storage areas, and
~operational radii? : ‘

.4 Remote control units to (a) deploy and position transfer aids, such 1Mm2
as rails or cables, (b) acquire and restrain satellites or experi-
mental modules, and (c) unload and transfer cargo,
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1.3.1.4.2

Operations Support

What are the requirements and design features to allow man to
conduct flexible and meaningful operations activities? Consider
ta) rest and resupply shelters. their location, frequency, size
and design; and (b) operations staging areas, cspecially in over-
lapping or consecutive operations.

1.3.1.5 Rescue/Emergency

1.3.1.5.1

1.3.1.5.2

1.3.1.5.4

Monitoring

What is the effectiveness of space emergency monitoring aids
using contact between the base station and the operation through
(a) visual means, (b) verbal contact, and (c) automated position
and status sensors?

Emergency

What are the emergency shelters, their location, and frequency
in order to allow for partial or total emergencies? Consider

(a) airlocks, (b) tunnels and holds, (c) emergency supplies, and
(d) life support systems.

Manned Rescue

What is man's capability to effect rescue? Consider (a) mobility
and time to reach critical area using the various mobility aids
previously described, (b) acquisition and restraints on man or
manned/unmanned modules, (c)use of emergency tools to reach
man, and (d) first aid if required.

What is man's capability to conduct rescue operations during
space vehicle emergencies? What are the tools and aids required
to conduct these operations by man or by remote control, includ-
ing ground control?
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1. 3 1.5.5 Remote Control

.1 What remote control units are required for rescue and emergency ,gg12
situations, such as fire or other hazards preventing proximity -
approach? Consider (a) monitoring aids required to maintain

contact under emergency conditions and over long distances.
(b) various IVA and EVA mobility aids, and (c) emergency return
units (individual or multipersonnel).

1.3.1.5.6 Ejectable Capsules

.1 What is the effectiveness of ejectable capsules to safely remove AC
man either from the space vehicle or from operational modules?
-What are the compatible emergency return vehicles to be used?
Consider: (a)openheat shield devices either rigid, extendable,
or inflatable, (b) small capsules and clamshells, and (c) con-
trollable reentry modules.

1.3.2 MAINTENANCE, REPAIR, AND RETROFIT

(Note: A parallel structure exists in this area. Operational aspects

are developed in Charts 1-72, and 1-79 through 1-82, while the func-
~ tional aspects and their relat1on to man's capabilities are found in

Charts 1-88 through 1-90. The critical issues listed below are devel-
oped only with respect to the latter, the functional considerations. )

1.3.2.1 Effectiveness of Man's Sensory Perceptions

1.3.2.1.1 Visual

.

What is man's capability in various lighting, contrasts, and f1eld of-
view constraints to visually sense:

.1 Relative and absolute distances between objects? 1-8R-1

.2 Discoloration, contamination, or wear in various surfaces such 1-0€-2
as mirrors, thermal paints, covers, and cables?

.3 Cracks and scratches? 1-0E-2
.4 Leaks or condénsation of liquids an‘d,gases? ' ' 1-oe-é
.5 Looise harawére, debris, and dust? . _ : 10E2
.6 Smoke and fire? - ' ' ‘ N
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1.3.2.1.2 Smell

.1  What is man's capability to use smells of various fluids 1-0E-2
including hot area (or fire) emissions to provide leakage,
operational, or malfunction sensing?

1.3.2.1.3 Touch

What is man's capability in shirtsleeve, IVA, and EVA conditions to
use his touch to sense:

.1 Surface finishes and deterioration or defects? 1.0E-2
.2 Temperatures? 1-0E-2
.3 Moisture, condensates, or deposits on various surfaces? 1-0E-2
.4 Pressure leaks? 1-0E-2

1.3.2.1.4 Sound

What is man's capability under shirtsleeve, IVA, and EVA conditions
to use his hearing ability to sense:

.1 Fluid leaks? 1-0E-2
.2 Malfunctioning or wear signs in mechanisms? 1-0E-2
.3 Impact or meteoroids or other loose objects? 1-0E-2
.4 Valve or moving component operation? _ 1-0E-2

1.3.2.2 Limitations of Accessibility and Mobility on Man

1.3.2.2.1 Hand Manipulation

.1  What is man's capability, using free hands and various handwear  1.0e2
(IVA, EVA), to handle small items (such as washers, screws,
and seals) or to reach into small areas (such as when
removing "O'" ring seals and pins)?
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1.3.2.2.2 Body Mobility while Restrained

What are man's space constrained accessibility limits while in
shirtsleeve, IVA, or EVA conditions for the following:

.1

.2

1.3.2.2.4

Hand reach and motion capability?
Minimum space requirements for torso or two hands?
Full body minimum space allocation?

Access to hard-to-reach areas?

Group Effort Capabilities

What is man's capability, on a noninterference basis, to work
in proximity with others while using various IVA and EVA suits
or backpacks (motion air, etc.)?

Unrestrained Mobility Aids

What motion aids are needed to allow man in IVA or EVA con-
ditions to reach the space vehicle critical areas:

(a) Passive locomotion aids, such as handrails, cables, and
handholds? '

(b) Powered aids, such as backpacks (scooters), hand-held

thrusters, small transfer modules (taxis), and large transfer

modules (buses)?

(c) Mechanical aids, such as articulated arms, extendibvle arms,

and booms?

1.3.2.3 Allocations of Time and Energy for Operations

.1

What are the time and energy limits on man's direct opera-
tions in shirtsleeve, IVA, and EVA conditions?

(a_x) Hands operations
(1) Squeezing
(2)° Pushing and pulling

(3) Twisting
(4) Impact
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(b) Body operations
(1) Transfer

.2 What is man's capability in shirtsleeve, IVA, or EVA conditions 1-0E-2
to accomplish a coordinated task, using various tools and opera-
tions? For example, time and energy allocation to move to a
solar panel (EVA); inspect panel; disconnect, remove and
replace it with a new panel; reconnect; checkout; dispose of the
damaged panel; and return to base.

1.3.2.4 Development Tools and Aids

.1 What is man's capability in shirtsleeve, IVA, or EVA conditions 1-08-2
to make use of the following tools? Consider size and shape,
counterforce application, body restraints and supports, space
and access limitations, debris, residual collection, retention
of loose items, and safety requirements.

(a) Hand-operated tools
torquing, squeezing, sawing, hammering
(b) Hand-held power tools
(c) Welders
fluid lines, automatic welding
structural, manual, or automatic control
torch cutting
(d) Brazing
fluid lines
(e) Soldering
electronic/electromechanical
(f) Bonding
structural or nonstructural assembly and positioning
(g) Foam-in-place dispensers
repair of pressure shells

(h) Augmerited reach tools

proximity tools, using mechanical extensions and controls

B-1-124



.2 What are the required aids to allow man .to perform the
requ1red operahons"

(a) Body restraints and positioning aids
(b) Components transfer aids

rails, cables, powered motion aids
bumpers, restraints

_ (c) Alignfnent aids

optical instruments
distance measurements
preloads in structure, springs

(d) Sensors

leak detection
surface contamination

properties, abrasion, oxidation, cracks
heat

debris and dust

moisture/condensates

gases

cracks

insulation systems degradation

.3 How is man's capability improved by artificial gravity, specifi-
cally when doing complex operatmns on small elements and
components ? ~

1.3.2.5 Control of Operations Hazards and Residuals

.1 What are the safety requirements in shirtsleeve, IVA, or EVA
conditions?

(a) Mechanical and Structural hazards

Control of debris and dust
Power tools, welders '
Preloaded cables and springs
Restraint of large elements

(b) Fluid Emissions
Line breaks or leaks
Residuals

Bonding operations
Welding, brazing, soldering
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.2 What are the disposal techniques required for: 1159
(a) Housekeeping debris and dust

(b) Clean-up hardware
(c) Damaged or discarded components

1.3.2.6 Operations Planning

.1 How do space vehicle activities affect the planning and timely NS
execution of maintenance, repair, and retrofit jobs? Consider
all interfaces with other systems and operations. such as:

(a) Space vehicle attitude disturbances which affect ongoing |
attitude -critical experiments or operations

(b) Effluent control while operations are in proximity
(c) Hot-gas (rqcket motor) or cold-gas exhaust interference
(d) Safety limitations on operational capability due to high-

pressure systems, dangerous fluids, electrical-ordnance
systems, and high-preload mechanisms or structures.:

1.3.3 ASSEMBLY AND DEPLOYMENT
1.3.3.1 Assembly

1.3.3.1.1 Positioning

1.3.3.1.1.1 Acquisition: Mobility, Restraints

.1 What is man's capability to move from one element to another 1-0E-3
to attain control of the unit to be assembled, using various
mobility aids?

.2 What is the relative effectiveness of manned proximity controls 1-0E-3

(mechanical arms) and remote control operations during each
phase of the assembly process?

1.3.3.1.1.2 Alignment: Transfer, Adjustment

.1 What is man's capability to accurately and efficiently attach 1-0E-3
various guides, restraints, and safety devices on the module or
elements in an accurate, untangled fashion?
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.2 What are the effectiveness and opération control advantages of - 10E3
mechanically restrained (rigid, straps, cables, pins, guides)
vs. fly-in techniques for: '

(a) Proximity positioning
(b) Initial alignment

Linear
Rotational
Angular

{c}) Final adjustment

.3 What tools and devices are best suited for proximity and fine 1-0€-3
alignment of modules to be joined?

Rigid elements
Flexible elements
Pins and guides

1.3.3.1.2 Attachment

1.3.3.1.2. 1 Mechanical

.1  What are the mechanical locking/assembly techniques best suited 1.0e3
for man aided assembly operations in space, especially in
non-permanent assembly requirements? Consider:

Size /weight

Ease and reliability

Strength : : _ :
Manual vs. augmented or remote control operation

1. 3. 3.1.2.2 Structural

.1 What are the structural assembly techniques best suited for man- - 10e3
aided assembly operations in space, especially in permanent or
semi-permanent assembly requirements? Consider:

Various fastener types

Bonding
Welding
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1.3.3.1.2.3 Umbilicals

.1  What are the most suitable designs for umbilical connectors NS
required between the modules? Consider:

Fluid high pressure
low pressure
Electrical connectors

.2 What are the most suitable access and transfer devices between NS
the two modules, especially considering pressure controlled or
common atmosphere requirements? Consider:

Size requirements (single unit, many modules)
Seal design in nonpermanent joints

Welding of transfer tunnels for permanency
Bonding seals

1.3.3.1.2.4 Insulation/Protective Covers

.1 What are the most suitable designs and attachment techniques NS
for intermodule insulation, protective covers, and transfer
aids required after module assembly? Consider:

Fasteners
Bonding
Velcro
Storage

1.3.3.2. Deployment
1.3.3.2.1 Erectable

.1 What are the most-effective designs for erectable structures 1-0€3
(element assembly) in order to build up various booms,
trusses, shapes (antennas, panels, etc.) in space? Consider:

Fastening

Restraints, handling ease
Alignment
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1.3.3.2.2 Mechanically Deployed

.1
.2
1.3.3.2.3
.1
1.3.3.2.4

What are the most effective des1gns for n)echamcally deployed
structures?

What 51mp11f1gat1ons and advantages can be added by manned
operations? Consider:

Folded bulk

Deployment aids and power sources

Safety (preloaded devices)

Designs using translation, rotation,

Articulations (scissors, accordions)

Expandables

What are the most effective designs for expandable structures
using various internally pressurized elements applicable to the
design of auxiliary structures such as crew transfer tunnels,
air locks, maintenance hangars, experiment bays, or living
quarters? Consider: '

(a) Packaging requirements/techniques

(b} Packaged bulk

(¢) Deployment aids-—p_ressure/techniques_

(d) Rigidization requirements/techniques

(e) Man rated requirements

(f) Retraction requirements/techniques

Interfaces

In addition to the specific design features what are the relative
merits of the three deployment methods outlined above?
Consider:

(a) Deployed size limitation due to manned constraints, specific-

ally for erection type elements

(b} Stability in space considering thermal deflections and
operational loads .

(c) Safety considering rigidity of the structure, damage
susceptibility failure mode

(d) Reusability and adaptation to various requirements during
the life span of the space vehicle (commonality)

.
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(e) Aids for manned inspection transfers
(f) Flexibility. for modification

(g) Ease of disposal or disassembly

(h) Ability to support umbilicals and other interfaces
(i) Alignment capability and accuracy; ease of alignment

(j}  What is their adaptability to direct or remote control
operations during buildup, alignment and activation?

1.3.4 MODULE OPERATIONS

1.3.4.2 Control and Guidance

1.3.4.2.1 Inertial Orientation and Rate Stabilization

.1 To what accuracy can the inertial orientation of the unmanned 1-0E-4
module be controlled during brief and extneded periods of time?

.2 To what extent can the module be rate stabilized during brief 1-0E-4

and extended periods of time?
1.3.4.2.2 Instrument Inertial Pointing and Tracking

.1 What pointing accuracy can be maintained by an instrument SA
on the module while viewing a target fixed in inertial space?

.2 With what accuracy can an instrument on the module track CN,EO
(a) a target on Earth?
(b) the vehicle?

1.3.4.2.3 Disturbances of Man (EVA)

.1  What disturbances of the module are caused by man in an 1-0E-4
EVA mode?

1.3.4.2.4 Launching and Docking Dynamics

.1  What disturbances are exerted on the module due to launching 1.0E-4
and docking?
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1.3.4.2.5 Maintenance of Vehicle/Module Separation
.1 What minimum drift rates of the detached module, relative to’ 1-0E-4
the space vehicle, can be achieved?
.2 What is the opti.n"mnx separation distance between module and 1.0E-4
space vehicle?

1.3.4.2.6 Rendezvous and Orbit Keeping

.1 How precisely can the separation distance between module and 1-084-
vehicle be determined?

1.3.5 VEHICLE SUPPORT OPERATIONS

1.3.5.3 Control and Guidance

-1.3.5.3,1 Inertial Orientation and Rate Stabilization

.1 To what accuracy can the inertial orientation of the manned 1-0E-5
vehicle be controlled during brief and extended periods of
time?.

.2 To what extent can the vehicle be rate stabilized during brief 1-0E5

and extended periods of time?
1.3.5.3.2 Instrument Iner tial,Péinting and Tracking

.1  What pointing accuracy can be maintained by an instrument 1-08-4
on the vehicle while viewing a target fixed in inertial space?

1.3.5.3.3 Translational Tracking of Module
.1  With what accuracy can an instrument on the vehicle track 1-0E-4

(a) a target on Earth?
(b) the module?
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1.3.5.3.4

Monitoring Module Operations

How efficiently can man guide and control himself while
traveling between the vehicle and the remote module for
close monitoring?

How far can man safely venture from the space vehicle for
monitoring and other functions?
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INTRODUCTION

. APPENDIX C.
This Appendix presents the Reseafch,Cluster Deécriptibns prepared 
by the study team of the Earth Orbital Experimeﬁt Program and
Requirements Study. Each description, in general, consists of (1)
a synopsis; (2) a list (by number_ana title) of the critical issues
addressed by the Research Cluster Description. The identification
of these Research Cluster DeScriptions by number and title is given

in Table C-1.
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Table C-1

RESEARCH CLUSTERS

MANNED SPACEFLIGHT CAPABILITY

Cluster No, Title

BICMEDICINE
1-BM-4%  Effects of Weightlessness on Circulatory Function
1-BM-5 Radiation, Toxicology, and Medical Problems
1-BM-6 Effects of Weightlessness on Stress Response
1-BM-7 Effects of Weightlessness on the Nervous System
1-BM-8 Effects of Weightlessness on Gastro-intestinal

Function

1-BM-10 Body Fluid Analysis
1-BM-12  Studies on Instrumented Animals
1-BM-13 Effects of Weightlessness on Pulmonary Function
1-BM-14  Effects of Weightlessness on Metabolism
1-BM-15 Centrifuge Studies

BEHAVIORAL RESEARCH

1-BR-1

Sensory, Psychomotor, and Cognitive Behavior (5

parts)

l1-BR-1-1 Visual Experiment

1-BR-1-2 Behavior Effects of Acoustic Environment

1-BR-1-3 Psychomotor

1-BR-1-4 Cognitive Capability

1-BR-1-5 Orientation

1-BR-2

Group Dynamics and Personal Adjustment

*Missing numbers were assigned to clusters that were later
combined with others or eliminated,
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Cluster No, - ) . Title

1-BR-3" Complex Task Behavior
1-BR-4 Skills Retention
T-BR-6 Performance Measurement

MAN -MACHINE RESEARCH

I-MM-1 Céntrols and Displays '
1-MM-2 L.ocomotion and Restraint
1-MM-3 Habitability

1-MM-4 Work/Rest/Sleep Cycles
1-MM-5 Performanée Aids

LIFE SUPPORT AND PROTECTIVE SYSTEMS

1-1.S-1 Phase Change and Thermal Processes
1-1.S-2 Material Transport Processes

1-LS-3 | Atmosphere Supply Processes
1-1.S-4 Water Management

1-LS-5 Water Electrolysis

1-L.S-6 Food Management and Processes

1-LS-7 Atmosphere Purification Methods
1-1L.S-8 Life Support Monitoring and Control
1-LS-9 Waste Management | |

1-L.S-10 | Heat Transport Equipment

ll;LS— 11 Crew Equipment and Protective Systems

1-1.S-12 Life Support System Maintenance ‘and Repair

ENGINEERING EXPERIMENTS
l1-EE-1 - Data Management
1-EE-2 Structures

1-EE-3 Stabilization and Control (3 parts)



Cluster No. Title
1-EE-3-1 Drift Measurement of Gyroscopic.Attitude Controls
1-EE-3-2 Disturbance Torque Measurements
1-EE-3-3 Biowaste Electric Propﬁlsion
l-EE-4 Navigation and Guidance (4 parts)
1-EE-4-1 Onboard Laser Ranging

1-EE-4-2 Interplanetary or Translunar Navigation By
Spectroscopic Binary Satellite

1-EE-4-3 Landmark Tracker Orbital Navigation
1-EE-4-4 Navigation/Subsystem Candidate Evaluation
1-EE-5 Communications

OPERATIONS EXPERIMENTS

1-OE-1 Logistics and Resupply (2 parts)
1-OE-1-1 Space Logistics and Resupply
1-OE-1-2 Emergency and Rescue Operations

1-OE-2 Maintenance, Repair and Retrofif

1-OE-3 Assembly and Deployment

1-OE-4 Module Operations

1-OE-5 Vehicle Support Operations

SPACE BIOLOGY

VERTEBRATES

2-VB-1 Preliminary Investigations of Biological Processes,
Using Primates and Small Vertebrates

2-VB-2 Intermediate lnvestigationé of Biological Pro-
cesses, Using Primates and Small Vertebrates

2-VB-3 Advanced Investigations of Biological Processes;
Using Primates and Small Vertebrates
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Cluster No. . ' Title

" INVERTEBRATES

2-IN-1 Preliminary Investigations of Biological Pro-
"~ cesses, Using Invertebrates

2-IN-2 Intermediate Investigations of Biological Pro-
cesses, Using Invertebrates :

2-IN-3 - Advanced Investigations of Biological Processes,
Using Invertebrates

PROTISTS AND TISSUE CULTURES

2-P/T-1 Preliminary Investigations of Biological Processes,
Using Unicellular Specimens (protists and tissue
cultures)

2-P/T-2 Intermediate Investigations of Biological
Processes, Using Unicellular Specimens (protists
and tissue cultures) ' '

2-P/T-3 Advanced Investigations of Biologicél Processes,
Using Unicellular Specimens (protists and tissue

cultures)
PLANTS
2-PL-1 Preliminary Investigations of Biological
Processes, Using Plants
2-PL-2 Intermediate Investigations of Biological
Processes, Using Plants
. 2-PL-3 Advanced Investiga'tions of Biological Processes,

Using Plants

SPACE ASTRONOMY

_OPTICAL
3-OW Optical Structure of Small Extended Sources
3-OB -High-Resolution Planetary. Optical Imagery
3-08 Optical (Faint Threshold) Surveys
3-0OP High Preéision St;ellar Photometfy '
3-S0O ‘Optical Studies of the Solar Photosphere and

Chromosphere



Cluster No. . Title

X-RAY
3-XR Precise Location, Size, and Structure of Known
Discrete X-ray Sources, and Existence of

Additional Unknown Sources

LOW FREQUENCY RADIO

3-LF - Location and Properties of Discrete LF Radio
Sources, and Structure and Properties of Diffuse
Sources

SPACE PHYSICS

PHYSICS AND CHEMISTRY LABORATORY

4-P/C-1 Effect of the Space Environment on Chemical
Reactions

4.P/C-2 Shape and Stability of Liquid-Vapor Interfaces
4-P/C-3 Boiling and Convective Heat Transfer in Zero-G

4-P/C-4 Effect of Zero-Gravity on the Production of Con-
trolled Density Materials

4-P/C-5 Effect of Electric and Magnetic Fields on Materials

4.P/C-6 The Use of Zero-Gravity to Produce Materials
Having Superior Physical Characteristics

4-P/C-7 Improvements of Materials by Levitation Melting

4-P/C-8 Effect of Zero-Gravity on the Production of Films
and Foils

4-P/C-9 Effects of Zero-G on Liquid Releases, Size
Distribution of Liquid Drops

4-P/C-10 Capillary Flow in Zero-G
4-P/C-11 Behavior of Superfluids in the Weightless State

PLASMA PHYSICS LABORATORY

4-PP-1 Spacecraft Environment Interaction

4-PP-2 Energetic Particle Dynamics in the Magnetosphere
(3 parts) »
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C.'lu'ster No. ' : Title

4-PP-2-1 Use of Alkali Metal Clouds as a Space Diagnostic
4-PP-2-2 Use of Electron Beams as a Space Diagnostic
4-PP-2-3 VLF Wave Propagation

4-PP.-3 Thermal Plasma in the Ionosphere and Magneto-
sphere (3 parts)

4-PP-3-1 (Essentially the same as 4-PP-2-1)
4-PP-3-2 (Essentially the same as 4-PP-2-3)
4-PP-3-3 RF Plasma Resonance Studies
4-PP-4 Auroral Processes (3 parts.)
4-PP-4-1 (Essentially the same as 4-PP-2-1)
4-PP-4-2 (Essentially the same as 4-PP-2-2)
4-PP-4-3 (Eséentially the same as 4-PP-2-3)

COSMIC RAY LABORATORY

4-CR-1 Charge and Energy Spectra of Cosmic Ray
Nuclear Component :

4-CR-2 Energy Spectrum of High-Energy Primary
Electrons and Positrons

4-CR-3 Energy Spectrum and Spatial Distribution of Pri-
mary Gamma Rays

4-CR-4 Long-Lived Heavy Isotopes in Cosmic Rays
4-CR-5 Antinuclei in Cosmic Rays

4-CR-6 Quarks (Stable Fractionally Charged Partlcles) in
Cosmic Rays

4-CR-7 Unknown Particles in Cosmic Rays

4-CR-8 Charactenstlcs of Albedo Particles Above
- 100 MeV

4-CR-9 Nucleon-Nucleon Cross-Sections at High Energies

 4-CR-10  Spallation Cross-Sections at High Energies
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Cluster No, Title

COMMUNICATIONS AND NAVIGATION

NOISE
S-N.-l Terrestrial Noise Measurements
5-N-2 Noise Source Identification
PROPAGATION
5-P-1 Ionospheric Propagation Measurements
5-P-2 Tropospheric Propagation Measurements
5-P-3 Plasma Propagation Measurements
S-P-"i Multipéth Measurements

TEST FACILITIES

5-TF-1 Space Deployment and Calibration
5-TF-2 Demonstration and Test

COMMUNICATIONS SYSTEMS

5-CS-1 MM Wave Demonstration
5-CS-2 Optical Frequency Demonstration

NAVIGATION SYSTEMS

5-NS-1 Satellite Navigation Techniques for Terrestrial
Users

5-NS-2 Laser Ranging

5-NS-3 Autonomous Navigation Systems for Space
5-NS-4 Surveillance Systems
5-NS-5 Collision Avoidance System Techniques

5-NS-6 Search and Rescue Systems

EARTH OBSERVATIONS

EARTH PHYSICS

© 6-EP-1 Photographic Coverage of the Earth

6-EP-2 Identification of Volcanic Activity
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Cluster No. Title

AGRICULTURE, ‘FOREST, AND RANGE RESOURCES | , |
6-A/F—l Crop Inventory and Land Use |
6-A/F-2  Soil Type Mapping
6-A/F-3 Crop _Identif.ication
6-A/F-4 Crop Vigor and Yield Prediction

6-A/F-5 Wildfire Detection and Mapping

GEOGRAPHY, CARTOGRAPHY, AND CULTURAL RESOURCES

6-G/C-1  Photographic and Multisensor Mapping

GEOLOGY
6-G-1 "Rock and Soil Type Identification
6-G-2 | Use of Earth's Crust to Stefe and Condition
: Commodities or Waste
6-G-3 ~ Geologic Disaster Avoidance
6-G-4 - Utilization of Geothermal Energy Sources
6-G-5 Mineral and Oil Deposit Discovery

6-G-6 ~ Identification of Land Forms and Structural Forms

HYDROLOGY AND WATER RESOURCES

6-H-1 Determination of Pollution in Water Resources
6-H-2 Flood>Warning and Damage Assessment

6-H-3 Synoptic Inventory of Ma.jor Lakes end Reservoirs.
‘6-H-4 : Synoptlc Inventory of Snow and Ice -

6-H-5 Survey of Soil Moisture in Selected Areas of the
North American Continent ' ,

- 6-H-6 Location of Underground Water Sources in
Selected Areas

6-H-7 Survey of Hydrologic Features of Major River
: Basms :
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Cluster No, : Title

OCEANOGRAPHY AND MARINE RESOURCES

6-0-1 Ocean Pollution Identification, Measurement, and
Effects

6-0-2 Solar Energy Partition and Heating in the Sea
Surface Layer

6-0-3 Ocean Population Dynamics and Fishery
Resources

6-0-4 Ocean Currents and Tide Forecasting

6-0-5 Ocean Physical Properties

6-0-6 Ocean Solid Boundary Processes

6-0-17 Ocean Surface Activity Forecasting

METEOROLOGY

6-M-1 Determination of Boundary Layer Exchange Pro-
cesses Using IR Radiometry

6-M-2 UHF Sferics Detection

6-M-3 Atmosphere Density Measurements by Stellar
Occultation

6-M-4 Zero-G Environment Cloud Physics Experiment

6-M-5 Detection and Monitoring of Atmospheric
Pollutants

6-M-6 Support of Studies of Special Geographical Areas
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RESEARCH CLUSTER SYNOPSIS--MANNED
SPACEFLIGHT CAPABILITY

1-BM-4 Effects of Weightlessness on Circulatory Function

1. Research Objectives

The objective is to determine the effects of weightlessness on
circulatory function, the detection and measurement of changes in
circulatory function, the establishment of quantative time histories
for the changes, and the investigation of basic physiological and
biochemical processes involved in the changes.

An analysis of the potential areas of cardiovascular function
warranting research in space resulted in the identification of 23
critical issues, categorized under the headings of Cardiac Activity,
Blood Volume, Circulatory Dynamics, and Compensatory Reflexes.

The described research program is responsive to these critical issues.

2. Background and Current Status

Cardiovascular observations in the form of the electrocardiogram
(ECG) and arterial blood pressure have been included as an aspect

of astronaut safety monitoring since the earliest Mercury flights.
These paramaters are good indicators of acute changes but did not
reflect the more chronic problems that were subsequently observed
following the flight, manifested primarily in a pooling of blood

in dependent veins and an associated orthostatic intolerance resulting
in syncope when standing erect or during tilt-table tests. Sub-
sequent tests during later Mercury flights and during the Gemini
series also revealed a decrease in plasma volume and, in some cases,
a reduction in red blood cell mass, as well as a degradation of

some of the circulatory aspects of exercise tolerance.

Most of these changes were anticipated from the results of ground-
based experiments in which the effects of weightlessness were '
simulated by prolonged bed rest which were started as early as N
1945, or by water immersion reported in 1960 and 1961. Studies using
these techniques are still continuing and are yielding valuable results.

The cardiovascular problems encountered in the early flights appear
to have decreased in seriousness as the larger vehicles of the Apollo
series permitted increased crew mobility and since specifically
designed exercise programs have been introduced into the crew's
-activities. The evaluations, however, are based on limited preflight
and postflight measurements. More-precise definitive data are expected
to be derived from the experiments approved for inclusion in the
Skylab A experiment program. These will include M-092, In-flight
Lower-Body Negative Pressure; M-093, Vectorcardiogram; M-113, Blood
Volume and Red Cell Life Span (Preflight and Postflight); and M-171,
Metabolic Activity (including associated cardiovascular paramters),
which deal, at least partially, with most of the prev1ously noted -
problems.
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3. Description of Research :

At the conclusion of the Skylab A experiment program, it is anticipated
that a number of questions will remain unanswered and problems unresolved
M-113 will involve preflight and postflight measurements only and

should be repeated during a subsequent flight. The other experiments
will have been performed on only a relatively small number of subjects
over a limited exposure duration, and no comparison will have been

made between conditioned and unconditioned subjects. A large amount

of research therefore, remains to be accomplished in subsequent flights.

Skylab B, with the inclusion of modified capability IMBLMS, is
expected to have greatly improved measurement capabilities over those
of Skylab A. An experiment program is planned to concentrate on
aspects of circulatory function expected to change most significantly
during weightlessness: blood volume, circulatory compensation to
venous pooling, and circulatory compensation to exercise. The time
course of these changes will be carefully plotted during the first
crew cycle by means of frequent measurements of the most directly
variables, which include plasma volume, RBC volume, ECG, heart rate,
and arterial blood pressure during rest, lower-body negative pressure
(LBNP) stress, and stress of exercise on the bicycle ergometer.

These experiments have been designated 1-101, 1-103, and 1-113 and
are detailed in Phase II of A Requirements Study for a Biotechnology
Laboratory for Manned Earth-Orbiting Missions, NASA CR 111794, 1970,
and are summarized in Appendix H of this report.

Once the first set of experiments has been completed satisfactorily,
some of the circulatory mechanisms associated with change in orthostatic
and exercise tolerance will be examined during the second crew cycle.
The measurement requirements will be increased by cardiac output and
limb plethysmography, and the measurements previously associated with
stress compensation will be repeated. Subtle changes in cardiac
activity also will be carefully investigated by means of a group of
sophisticated measurements, including vectorcardiography, phonocardio-
graphy, ballistocardiograpyy, and electromechanical delay. The
circulatory experiments in the second crew cycle are designated 1-104,
1-106, and 1-116 of the earlier mentioned report.
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During the third crew cycle, total body water and urine volume,
specific gravity, Na, and pH will be measured in conjunction

with plasma volume; and measurement of RBC survival time and
fragility will be made in conjunction with RBC volume, to elucidate
some mechanisms of the earlier measured changes. The relationship

of changes in orthostatic tolerance with other aspects of circulatory
dynamics will be examined by measurement of pulse wave velocity, and
pulse wave contour during LBNP stress. These investigations are
included in experiments 1-102 and 1-105.

No new measurements will be introduced during the fourth crew cycle,
but many will be repeat to observe the effects of artificial-g,
anticipated during the last 30 days of the cycle.

During the first and second crew cycles, many of the experiments will
utilize both unconditioned subjects and exercise-conditioned subjects
to determine the effectiveness of exercise as a counter-measure for
undesirable changes in circulatory function: during the third crew
cycle, LBNP-conditioned subjects will be used in a similar comparison.

It is anticipated that during the Skylab B experiment program all

of the previously observed changes will be thoroughly quantified

and many of the associated mechanisms defined. In addition, the areas
of cardiac activity and circulatory dynamics will be measured
sufficiently to uncover any previously unobserved changes in these
functions. The experimental program recommended for conduct in

the space station will be directed toward an investigation of
additional mechanisms and associated or secondary effects of the
original changes. The space station program is described in this
experiment group.

It will be important at this point in the program to determine whether
the observed deconditioning resides primarily in a reduced ability

of the blood vessels to react with normal constrictions and dilations

in response to blood volume shifts. - This may be assessed by measuring
 venous compliance, arteriolar reactivity, and the response of the

system as a whole to mechanically produced volume shifts. On the

other hand, if the changes are produced by decrements in cardiac function
they would potentially be evidenced in cardiac output changes accompanied
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potentially be evidenced in cardiac output changes accompanied
by alterations in heart size. In conjunction with the above
investigations, a study of the fragility of the capillaries, circu-
lation time, and peripheral venous pressure would be of interest.
The responsiveness of the reflex as such can be indicated by
measuring the cardiovascular response to pressure reductions
on the carotid sinus. The secondary effects of circulatory
changes on intraocular blood pressures will also be evaluated.

Heart size may be estimated from x-ray photographs of the
thorax taken both laterally and from the anterior-posterior
direction. Capillary fragility is an easy test and is assessed
from the results of a rubber tourniquet on the arm, termed the
Rumpel- Leede test. An individually fitted cuff, capable of pro-
ducing a negative pressure over the neck in the area of the carotid
sinuses, will be required to measure reflex sensitivity, and a
special pair of plethysmographic goggles will be required for
measuring intraocular blood pressure. These procedures will

be performed individually.

For the remainder of the measurements, the subject will be fitted
with pneumatic cuffs on one arm and one leg, and plethysmographs
for the measurement of limb volume will be applied distal to the
cuffs. The volume of the limbs in association with various cuff
pressures will permit an evaluation of arteriolar reactivity and
venous compliance. On the free arm, arterial blood pressure
will be measured with a modified sphygmomanometer and venous
pressure by means of an indwelling needle connected to a pressure
transducer. Changes in the pressures will be measured in
association with occlusive-cuff inflation and Valsalva's maneuvers.
Circulation time will be measured by the injection of decholin
prior to the removal of the venous needle and timing the interval
required for a taste sensation to occur. The first voiding
following the test will be analyzed for stress hormones.

4. Impact on Spacecraft

The various measurements described for Skylab B related to
circulatory function will produce a relatively small impact on the
power, weight, and volume requirements. The major items of
electronic equipment are an oscillographic display weighing

about 50 lb occupying 3 cu ft and requiring about 60 w of power, and
a strip chart recorder weighing 20 lb, occupying 1 cu ft and
requiring 50 w. These two items, however, are not restricted

to research on circulatory function but are utilized during experi-
ments in almost every biomedical and behavioral area. Bio-
electric sensing equipment, including such instruments as the
electrocardiogram, vectorcardiogram, phonocardiogram, and
impedance cardiogram, utilizes very light lead systems and a
preamplifier, the entire assembly for each weighing approxi-
mately 2 1b and drawing about 1 w. Miscellaneous items, such
as the blood pressure assembly, leg plethysmograph, and cardio-
tachometer are relatively small, weighing 3 to 5 lb requiring

10 w and occupying 30 cu ft,
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Shielding for the ilsotopes required for blood volume measure-
ments remains to be determined, but it should be minimal if
spacecraft components are utilized.

All informat®ion will be recorded on magnetic tape, but this
system must be considered basic to the spacecraft rather than a
requirement produced by cardiovascular research.

Experiments recommended for the Space Station in the area of
circulatory function will have the same basic equipment require-
ments and the Skylab B experiments. Additions will be restricted
to light, small, low-powered miscellaneous items.

For both Skylab B and Space Station experiments, six subjects is -

a desirable number, with three unconditioned and three involved

in some conditioning program for potential therapeutic use. Most
operations can be performed by a trained medical or physio-

logical technician, although a physician may be requlred for a limited
number.

5. Required Supporting Technology Development

Before the research identified in this research cluster is begun,
carefully controlled ground experiments are required for the
development and refinement of techniques and procedures.

Most items of equipment require flight qualification; others, such
as the impedance cardiograph used for cardiac output measure-
ments and leg plethysmographs that accurately reflect small
changes in blood flow require extensive development.

6. References
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Physiologic Changes Observed in Human Subjects During
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Critical Issues Addressed by R.ese_a.rch Cluster
1-BM-4

EFFECTS OF WEIGHTLESSNESS ON
CIRCULATORY FUNCTION ‘

S U DR D A |
What changes occur in the electrical activity of the heart and what
are the mechanisms associated with the changes?

N TN O O
What changes occur in the force of contraction of the heart, and
what are the mechanisms associated with the changes?

.1.1.1.1.3
What changes occur in the heart sounds, and what is the origin
of the changes?

.1.1.1.1. 4
What changes occur in heart size, and what are the reasons for
the change?

.1.1.1.1.5 ,
What changes occur in heart rate, and what are the mechanisms
associated with the changes?

1010121 : _
What changes occur in plasma volume, and what are the
mechanisms associated with the changes?

.1.1.1.2, 2
What changes occur in total body water, and what are the
mechanisms associated with the changes?

N TN A W8 2 3 :
What changes occur in extracellular fluid volume, and what are the
mechanisms associated with the changes? :

.1.1.1.2, 4
What changes occur in RBC mass, and why do the changes occur?

1,112, 6 _
What changes occur in venous pressure, compliance, and stasis,
and how are the changes brought about?

L1.1.1.3.1
What changes occur in cardiac output, and what are the mechamsms
associated with the changes?
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.1.1.3.2
What changes occur in circulation time, and what are the
mechanisms associated with the changes?

.1.1.3.3
What changes occur in pulse wave veloc1ty, and what is the
significance of the changes?

.1.1.3. 4
What changes occur in arteriolar reactivity, and what
mechanisms are associated with the changes?

.1,1.3.5
What changes occur in blood pressure, and what are the
mechanisms associated with the changes?

1..1.4.3
What changes in normal circulatory compensatory activities are

associated with the application of lower body negative pressure, and
how are these changes manifested?

.1.1,4. 4

What changes in normal circulatory compensatory activities are
associated with the use of occlusive pressure cuffs, and how are
these changes manifested?

.1.3.6.2.1
What changes occur in circulatory reflexes, and what are the
mechanisms associated with the changes?

.1.5.4.3
What effects do changes in excretory function have on plasma
volume?

L1.7.2.1
What changes occur in erythrocyte fragility, and what are the
mechanisms associated with the changes?

.1,7.2.2
What change occurs in the erythrocyte production rate, and what
are the mechanisms associated with the changes?

.1.7.2.3
What changes occur in the erythrocyte life span, and what are
the mechanisms associated with the changes?

.2.4.2

Can the variables normally measured in a routine physical
examination still be used as indicators of the general health
of the subject after prolonged exposure to zero-G?
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RESEARCH.CLUSTER SYNOPSIS—--
MANNED SPACEFLIGHT CAPABILITY

1-BM-5 Radiation, Toxicology, and Medical Problems

1. Research Objectives

The objective of the research cluster is the investigation of potential

. problems in clinical medicine and tolerance to radiation and toxi-
cology produced by the altered state of the individual in weightlessness.

The research described in this research cluster is responsive
to the following long-range objectives in biomedicine:

1. Determine the spacecraft gaseous atmosphere require-
ments for various space missions, including safety limits
for toxic inhalants.

2. Determine the space radiation effects and hazards of
space operations and define protective measures.

3. Define and develop predictive, diagnostic, and therapeutic
procedures, medications, and equipment to maintain the
health and well being of the crew.

The present research cluster considers primarily the detection of
changes in the tolerance to radiation and toxic contaminants, and
the response to standard treatments and medications.

An analysis of the potential areas of radiation and toxicological
tolerance and medical problems warranting research in space

resulted in the identification of 13 critical issues categorized under
the headings of Respiratory Ciliary Activity, Traumatic Injuries,
Radiation Tolerance, and Tolerance to Toxic Contaminants. The
described research program answers many of the information
requirements of these critical issues.

Maximum permissible exposures (MPE's) for radiation and threshold
limit values (TLV's) for various toxic contaminants have been set

for terrestrial situations. It must be determined whether these
limits are valid for long-duration spaceflight in view of the
potentially changed physiological state of the crew resulting

from zero-g exposure. Similarly, the treatment and predicted healing
characteristics for traumatic injuries on Earth may be altered in
spaceflight. To ensure crew health and safety on long-duration
missions, the validity of our present limits must be investigated

and new limits set when warranted.

C~-1-9



RESEARCH CLUSTER
NO. 1-BM-5

2. Background and Current Status : :

The techniques for establishing radiation and toxicological limits
in terrestrial laboratories are recognized as standard procedures.
Small mammals, cats, and mice are generally employed for this
purpose as well as for the investigation of a large number of med-
ical problems. No experiments in space are currently planned in
this research area.

The requirements for small rodents in spaceflight have been thor-
oughly investigated in a number of laboratories, the most prominent
being the work of Dr. P. Meehan at the University of Southern
California in developing a space-qualifiable rodent research facility.

An experiment concerning the circadium rhythm in pocket mice,
§-071, is scheduled for conduct on Skylab A. Although this experi-
ment will contribute very little toward the objectives of the subject
research cluster, it will provide valuable information concerning
the maintenance of rodents in space.

3. Description of Research :

" The experiments in this research cluster were designated 1-222,
1-232, 1-233, and 1-234 in Phase II of A Requirements Study for
a Biotechnology Laboratory for Manned Earth-Orbiting Missions,
NASA CR111794. All were recommended for conduct aboard the Space
Station rather than Skylab B.

Small laboratory animals will be used as the experimental subjects.
Injuries and lesions of the type that could occur to astronauts in
spacecraft accidents, such as lacerations, burns, and bone frac-
tures, will be inflicted on the experimental animals. They will be
sacrificed during flight at specified intervals, frozen, and returned
for detailed examination. A second group will be orbited intact,
and after approximately three weeks of flight, they will be exposed
to predetermined radiation doses. Blood changes will be monitored
for 30 days, after which all subjects will be sacrificed and returned
to Earth. A third group will be treated similarily with predeter-
mined concentrations of toxic contaminants.

Rats will be used for the study of clinical lesions. Six will be the
subjects of lacerations, six of burns, and six of bone fractures
produced shortly before launch. Standard treatments will be
administered preflight and continued during the flight. Animals
from each group will be sacrificed weekly during flight and frozen
for return. -

Five groups of six mice each will be flown for 3 weeks and then
exposed to radiation doses of 25, 50, 100, 200 and 400 rem,
respectively. Complete blood counts and differentials will be made
daily for the first week, three times the second week, twice the
third and fourth weeks after exposure. All fatalities will be pre-
served for return, and all survivors at the end of 4 weeks will be
sacrificed and preserved for return. o - -
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Three groups of 20 mice each will be flown for 3 weeks and then
exposed to toxic contaminants producing pulmonary irritation, CNS
depression, and kidney damage, respectively. The concentrations
will be those previously determined to be the LD-50 for the par-
ticular toxicant. Fatalities will be preserved for return, and sur-
vivors at the end of 30 days following exposure will be sacrlflced
and preserved for return.

4, Impact on Spacecraft

The major areas of impact that this research cluster will have on
the space station are the requirements for animal housing and main-
tenance, radiation exposure, exposure to toxic contaminants, and
crew participation.

Approximately 35 to 40 cu ft of space will be required for animal
housing not including space for automatic food and water
dispensing and automatic waste management. Housing should
include a sufficient number of cages to segregate animals involved
with specific procedures, but all may utilize the same controlled
environment. The animals involved in this experiment group would
be expected to consume approximately 100 1b of food, 65 Ib of water,
and 100 lb of oxygen. The animals could be launched with the
vehicle; when frozen for return to Earth, they would weigh about

14 1b. A freezer capable of -70°F temperatures will be required
to accommodate these specimens. :

The radiation source would probably be an x-ray source from

70 to 250 kVp and from 30 to 200 ma. Such a tube or tubes would
have to be developed and consequently would not presently have
defined weight and power, a weight of 200 1b and power require-
ments of 500 to 1, 000 wduring exposure are gross approximations.

The chamber for toxicological exposure would also have to be

developed. It might be expected to weigh 25 to 50 1b, occupy 3 to
4 cu ft and require 5 to 10 w of power when in operation. It must
be associated with a mass spectrometer or similar instrument for
analyzing contaminant concentrations. '

Crew participation would be rather extensive and would include
animal care involving feeding and waste management (if these
operations are not automated), frequent observation of animal
health and viability, and treatment, as scheduled by the experiment
protocol. Blood sampling of radiated animals would involve sample
taking, sample dilution, cell counting, slide preparation and
staining, and cell identification and counting. Animal sacrifice
and preservation would complete the experimental tasks.
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The experimental activities will require some experience and
training, probably not beyond the technician level. One crewman
could be trained to perform all of the required tasks, although it
would be more practical to expect one crewman to be trained in
blood counts, one n radiation administration, and one in toxico-
logical exposure, with the other tasks divided.

5. Required Supporting Technology Development

Animal housing and automated maintenance must be studied and
developed. A numbe. of cxperiinents are peing suggested with
similar requirements, and sorne studies are presentlv under way,
particularly in space biology. ihe results of these immvestiygations
would have to be adapted to the peculiar requirements of this
research cluster.

The experimental protocol requires an x-ray unit (or an alternative
radiation source) capable of administering radiation doses (whole-
body radiation) of from 25 to 400 rem to groups of animals. Its
weight, power, volume, and operation should be consistent with
spacecraft use. 1f pussible, it shouid be combined with a diagnostic
x-ray unit for efficienty. Units meeting some of these requirements
currently exist, but they ar: not compatible with spacecraft use.
Once developed, the unit must be integrated into the spacecraft to
utilize spacecraft stracture as part of its shielding; this will probably
require extensive study.

Supporting research and technology will also be required for the
development of a small chamber capable of maintaining specified
levels of toxic contaminants for varying lengths of time for exposing
groups of small mammals. Its weight, power, volume, and oper-
ation must be compatible with spacecraft use. Such chambers are
available in terrestrial laboratories, but gross modification would
be necessary for spaceflight use.

6. References
1. McDonnell Douglas Astronautics Report: Phase II of a Requirements

Study for a Biotechnology Laboratory for Manned Earth-Orbiting
Missions, NASA CR111794, 1970. o

2. H, E, Johns, The Physics of Radiology. Charles C. Thomas,
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3. J. D, MacEwen, Contaminant Generation Methods and Techniques,

Proceedings of the Conference ‘on Atmospheric Contamination
in Confined Spaces, AMRL-TR.65-230, April 1965,
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Critical Issues Addressed by Resecarch Cluster
l-BM-5

RADIATION, TOXICOLOGY, AND MEDICAL PROBLEMS

120401
What changes occur in the e¢jection of foreign particles from the
respiratory tract by ciliary activity?

.2.3.1
What changes occur in the healing rates for lacerations, contusions,
and abrasions, and what mcchanisms are associated with the
changes?

.2.3.2
What changes occur in the healing rates for burns, and what
mechanisms are associated with the changes?

.2.3.3
What change occur in the rates for fracture healing, and what
mechanisms are associated with the changes?

.2.3.7
Do the changes that occur in the healing process following non-
infectious traumatic injuries necessitate any revisions in the
treatment of the injury or the disposition of the injured crewman?

.3.7.1
What changes occur in the LD50 of experimental animals exposed
to a standard radiation source, and what mechanisms are associated
with the changes?

.3.7.2
What changes occur in the radiation dose required to produce
symptoms of radiation sickness in experimental animals subjected
to acute whole body exposure?

.3.7.3
What changes occur in the radiation dose necessary to produce
hematological effects in experimental animals, and how will the
effects compare with those produced in ground-based experiments?

.3.7.4 :
What changes occur in the radiation dose necessary to produce
dermal effects in experimental animals, and how will the effects
compare with those produced in ground-based experiments?

.3.7.5

Do changes in tolerance to radiation in experimental animals during
prolonged weightlessness result in any revision in radiation limits
in the spacecraft environment?
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1.1.1.3.8.1

" What changes occur in the LD50 and LC50 of various compounds
for experimental animals during prolonged weightlessness, and
what is the mechanism responsible for the change?

1.1.1.3.8.2' '
What changes occur in the normally anticipated symptoms in

experimental animals exposed to various levels of toxic contaminants,

and what are the mechanisms responsible for the changes?

1.1.1,.3.8.3

Do changes in tolerance to toxic contaminants in experimental
animals exposed to prolonged weightlessness result in any revision

of threshold limit values (TLV's) established from ground-based
experiments?

C-1-15
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RESEARCH CLUSTER SYNOPSIS—MANNED
SPACEFLIGHT CAPABILITY

1-BM-6 Effects of Weightlessness on Stress Response

1, Research Objectives

The objective of the present research cluster is to
determine, during weightless space flight, changes in physio-
logical responses and tolerance limits to potential environ-
mental stresses in order to better define physiological
design criteria for spacecraft.

There is no single long-range objective in biomedicine to which
the research described in this research cluster is responsive,
although the objective, '"Assure that human tolerance limits for
acceleration, vibration and noise are defined for specific miss-
ions, ' would be most applicable, It appears by implication, that
this objective includes all environmental stresses to which the
astronaut might be exposed., Satisfying this objective requires
first, that human tolerance limits be re-established, insofar as
they may have been altered as a result of zero-g deconditioning;
the spacecraft's nominal and emergency limits must then be set
in accordance with the limits of human tolerance,.

An analysis of the areas of stress liable to be affected by physio-
logical changes induced by weightlessness resulted in the identifi-
cation of 40 critical issues categorized under the headings of
Tolerance to Reduced Oxygen, Tolerance to Increased Carbon
Dioxide, Tolerance to Temperature Variations, and Exercise
Tolerance., The described research program supplies informa-
tion requirements for these critical issues,

The experiments in this research cluster are recommended for
Space Station conduct after the various potential physiological
changes have been well established, It will be desirable to test
changes in stress response during the period of maximum phy-
siological change, since they are expected to be responsible for
changes in stress response,

2, Background and Current Status

The definition of spacecraft limits for oxygen and carbon dioxide
concentrations, temperature extremes, and workload assign-
ments are based on human tolerance limits established over many
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years of ground-based experimentation, The physiological com--
pensatory reflexes that are activated by a stressful change in an
environmental parameter are responsible for the normal level of
human tolerances, and are merely specific manifestations of .
standard physiological activities, Many of these activities are
involved in reactions that have been cbsérved to deteriorate in the
space environment, It follows that stress responses may also
undergo deterioration and that the defined spacecraft limits may
no longer be valid.

There are numerous reports of reductions in exercise tolerance
both in postflight tests on astronauts and during ground-based
bed-rest and water-immersion studies, A reliable quantitation of
this reduction will necessitate in-flight measurements, the first
of which is scheduled for Skylab A, Experiment M-171, Metabolic
Activity, Additional tests are recommended throughout the
experiment program.,

No reports have been received on reduced tolerance to other
stresses; it is possible, however, that no situations have occurred
in space for opportunistic measurements, No tests of this sort
were scheduled.

It is not unreasonable toanticipate some alterations. The increase
in heart rate and peripheral vasoconstriction that occur in
response to acute hypoxia are also required to maintain ortho-
static tolerance (known to be reduced from zero-g exposure), The
alterations in fluid and electrolyte balance anticipated in space
crewmen may well reduce the body's buffering capacity for
increases in H2CO3 with increased environmental CO2, The com-
monly reported losses of plasma volume would certainly be ‘
expected to affect the consequences of peripheral vasodilatation

in response to heat and, conversely, would possibly increase tol-
erance to cold.

Skylab A will not include any stress-response experiments
other‘than the one mentioned previously on metabolic activity.
‘Many of the experiments, however, will produce information of
value on the status of the physiological mechanisms potentially
involved in the stress responses, These include: M-071 and
M-073, Mineral Balance and Bio~Assay of Body Fluids; M-092,
In-flight Lower-Body Negative Pressure; M-113, Blood Volume
and Red Cell Life Span.

Ce1-177



RESEARCH CLUSTER
NO. 1-BM-6

3. Description of Research

A more detailed examination of changes in exercise tolerance is
recommended for the Skylab B program. The research activities
will include a careful quantitation of the time history of the change
and an evaluation of the rolc of oxygen consumption, carbon
dioxide production, cardiac output, and maximal oxygen con-
sumption in the changes. These experiments are designated
1-115 and 1-116 and are detailed in Phase II of A Requirements
Study for a Biotechnology Laboratory for Manned Earth-Orbiting
Missions, NASA CR111794, and summarized in Appendix H of

this report. In addition, three Advanced Skylab experiments,
1-124, 1-125, and 1-128 utilize exercise and LBNP stresses for
therapeutic conditioning.

Most of the tests included in this research cluster are scheduled
for implementation during the Space Station experiment program,
Experiment 1-210, Changes in Oxygen Debt with Calibrated Exercise,
is similar to experiment 1-116, but it includes the measurement

of blood lactic acid concentration for the estimation of oxygen
debt. The measurement of blood lactic acid was not included

in the earlier program because it was not listed among the
capabilities of IMBLMS. The analysis must be performed immediately
after the blood is drawn and cannot, therefore, be made on

returned samples.

Responses to hypoxia will be measured by having the subject
breath from a gas mixture containing oxygen at a subnormal
pressure, The oxygen concentration will be decided upon before
flight but should be similar to the oxygen pressure at 30, 000 ft
(approximately 450 mm Hg). Time of useful consciousness will
be estimated by the duration of exposure prior to deterioration of
a moderately complex manual task, Oxygen and carbon dioxide
in the expired air will be measured by the metabolic analyzer on
a breath-by-breath basis, :

The respiratory response to CO2 will be measured by successively
exposing the subjects to gas mixtures containing 3-, 5-, and
7-percent, CO; respectively (percent of 760 mm Hg), During

10 minutes of breathing each mixture, the respiratory minute
volume will be measured by the metabolic analyzer, and alveolar
CO2 will be determined by the analysis of end-tidal (alveolar)

air collected by a Rahn end-tidal sampler and measured in a

CO; analyzer, Respiratory minute volume will be plotted sub-
sequently against alveolar CO; to define the respiratory response,
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- In order to determine the response of each subject to hyperther- -
mia, a thermal enclosure will be required; this may be a large
chamber capable of accommodating a subject and a bicycle ergo-
meter, or possibly an individually fitted thermal garment similar
to a full pressure suit capable of controlling internal temperature
by variations in ventilating air flow rate and temperature. Dur-
ing two separate exposures, the response of the resting and
exercising subject is measured, Tolerance is defined as the
length of exposure required to produce a specified core tempera-
ture or heart rate, whichever occurs first., Resting limits are
usually specified as 102° F and 150 beats per minute.

'Six subjects should participate in the program. The duration and
frequency of the tests will be governed by the deconditioning
trend curves established on previous flights. Measurements
made twice weekly during the first 3 weeks of the crew cycle is

a potential schedule,

The experiments described in this research cluster were desig-
nated 1-210, 1-215, 1-216, and 1-231 in the earlier-mentioned
biotechnology laboratory study

_ 4, Impact on Spacecraft

The metabolic analyzer and bicycle ergometer are common to a
large number of experiments. The metabolic analyzer weighs
about 40 lb, occupies 3 cu ft, and requires 30 « for its operation,
The bicycle ergometer weighs 50 lb, occupies 4 cu ft stowed, but
requires 20 cu ft and 10 w of power for its operation,

About 150 to 175 b of gas mixtures will be required for the
hypoxia and hypercapnia response experiments. The containers
for the gases and the pressure under which they are stored must
be determined during the spacecraft design. The associated
metabolic analyzer has been mentioned. All other associated
equipment has minimal impact.

The thermal enclosure could have a very significant impact. This
item requires extensive development, however, and the impact of
its final design cannot be predicted at this time,

Crew time and skill requirements for conducting experiments in
this research cluster are not extensive. All experiments must be
carefully monitored by a thoroughly trained observer, and since
the experiments are in the category of provocative testing, a
physician should be available in case of unforseen emergencies.
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5. Required Supporting Technology Development

Most items of equipment associated with this research cluster
already exist, or are currently under development for the Sky-
lab I program, or can be derived from existing equipment after
minor modifications. The one major exception to this is the
thermal enclosure required for détermining the response to
hyperthermia; this item will require extensive research and
development, The chamber should be capable of producing and
maintaining internal temperatures up to 176°F during the period
of operation (up to 2 hours). It should be capable of maintaining
its preset temperature within #2°F, even during a period of
subject exercise and consequent heat generation. It should be
capable of restricting relative humidity to about 10 percent, and
its wall temperature should not be appreciably different from its
air temperature. Although an enclosure with an anthropomorphic
shape would appear to be most convenient, it may not be practical
from a development standpoint,
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Critical Issues Addressed by Rcsearch Cluster
1-BM-6

EFFECTS OF WEIGHTLESSNESS ON STRESS RESPONSE

1.1.1.1.3.1
What changes occur in cardiac output, and what are the mechanisms
associated with these changes?

1.1.1.1.3.5
What changes occur in blood pressure, and what are the
mechanisms associated with these changes?

1.1.1.1. 4.1
What changes in normal circulatory compensatory activities are
associated with exercise, and how are these changes manifested?

1.1.1.1.4.3 ~ |
What changes in normal c.rculatory compensatory activites are
associated with the production of lower body ncgative pressure,
and how are these changes manifested?

1.1.1.1.4,5
What changes in normal circulatory compensatory activitiecs are
associated with environmental stresses?

1.1.1.2.3,2
What changes in normal pulmonary ventilation adjustments are
associated with exposure to increased environmental CO} levels?

1.1.1.2.3.3°
What changes in normal pulmonary ventilation adjustments are
associated with exercise?

1.1.1.2.3. 4 :
What changes in normal pulmonary ventilation adjustments are
associated with exposure to reduced environmental oxygen levels?

1.1,1,.2.3.5
What changes in respiratory compensatory activitics arc assoc1atod
with other environmental stresses?

1.1.1.3.6.2.1

What changes occur in circulatory reflexes, and what are the
mechanis_ms associated with the changes? :

1.1.1.3.6.2.3

What changes occur in resplratory reflexes, and what are the
mechanisms assocxated with the changes?
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.1.1.6.2.2

What changes occur in the accumulation of oxygen debt . associated
with defined metabolic loads, and what are the mechanisms
associated with the changes?

.1.2.5. 2.1
What form of exercise is best suited to the prevention of the
occurrence of deleterious biomedical changes?

.1.2.5.2,2
How much time per day must be spent on the exercise program to
prevent the occurrence of deleterious biomedical changes?

.1.2.5.7
Can conditioning programs reverse physiological changes ?

.1.3.1. 1.1

What changes occur in the effects of hypoxia on the time of useful
consciousness (TUC), and what are the mechanisms associated with
the changes?

L.1.3.1.1.2
What changes occur in the effects of hypoxia on vision, and what
are the mechanisms associated with the changes?

.1.3.1.1.3

What changes occur in the effects of hypoxia on the electro-
encephalogram, and what are the mechanisms associated with the
changes?

.1.3.1.2.1

What changes occur in cardiac response to hypoxia and what
mechanisms are associated with the changes?

.1.3.1.2.2
What changes occur in the vascular response to hypoxia, and
what mechanisms are associated with the changes?

.1.3.1.2,3
What changes occur in the effects of hypoxia on the electro-

cardiogram, and what are the mechanisms associated with these
changes?

13,1031
What changes occur in the ventilatory response to hypoxia, and
what are the mechanisms associated with these changes?

.1.3.1.3.2
What changes occur in the effects of hypoxia on blood oxygenation
and what are the mechanisms associated with these changes?

]
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.3.1.5.2

Do changes in response ‘and tolerance to hypoxia durmg prolonged
weightlessness result in any modification in the normal and
emergency limits for oxygen concentrations in the spacecraft
atmosphere?

.3.2.1

. What changes occur in the ventilatory response to elevated
atmospheric COp, and how do the changes affect the alveolar CO;,
levels?

.3.2.2

What changes occur in the cardiovascular response to elevated
atmospheric CO2, and how does the response affect the alveolar co;
levels?

.3.2.3

What variations occur in blood pH and bicarbonate levels, and
are the changes related to changes in the blood buffering
mechanisms? A

.3.2.4 :

Do changes in response and tolerance to carbon dioxide during
prolonged weightlessness result in a revision of the normal and
emergency limits imposed on carbon dioxide concentrations in the
spacecraft atmosphere?

J1.3.5.1.1

What changes occur in the time required to reach physiological
limits in core temperature and average body temperature with
exposure to elevated environmental temperatures, and which of the
measured sites shows the greatest change?

.3.5.1.2

What changes occur in the cardiovascular response to elevated
environmental temperatures, and what are the mechamsms
associated with these changes?

.3.5.1.3 :
What changes occur in respiratory rate, ventllatlon rate and the
composition of alveolar air associated with exposure to elevated
environmental temperatures, and what are the mechanisms
associated with these changes? '

.3.5.1.4
What changes occur in the normal sweating response to elevated
environmental temperatures, and what significance are the changes
" in temperature regulation? S

c-1-23



RESEARCH CLUSTER
NO. 1-BM-6

.3.6.1 :

What changes occur in the oxygen consumption and metabolic rates
associated with various work loads, and what are the mechanisms
associated with these changes?

.3.6.2
What changes occur in the cardiovascular response to strenuous
work, and what are the mechanisms associated with these changes?

.3.6.3
What changes occur in the ventilatory response to strenuous work,
and what changes occur in the composition of alveolar gases?

.3.6.4
What changes occur in maximal oxygen consumption, and what
are the mechanisms associated with these changes?

.3.6.5

What changes occur in the oxygen debt associated with various work
loads, and what is the significance of the change in exercise
tolerance?

.3.6.6
What changes occur in body temperature regulation during exercise,
and what are the mechanisms associated with these changes?

.3.6.7
Do changes in response and tolerance to strenuous exercise during

prolonged weightlessness result in any modifications to work load
limitations imposed on the spacecraft crew?
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RESEARCH CLUSTER SYNOPSIS--MANNED
SPACEFLIGHT CAPABILITY

1-BM-7 Effects of Weightlessness on the Nervous System

RESEARCH OBJECTIVES.  The objective of the research
cluster is the determination of the existence, time- -
course, and mechanisms of changes that may occur in
the nervous system because of a long duration exposure
to weightlessness.

The research described in this research cluster is
responsive to NASA's specific, long-range objective in
biomedicine which is to "Investigate and evaluate the
effects of spaceflight on neurophysiological function
including equilibrium, coordination, sleep, alertness,
biorhythms, visual and other special senses.' Dividing
the study discipline of Manned Spaceflight Capability into
its various areas and subdisciplines, the areas of
neurophysiological function that are generally associated
with psychology were assigned to Behaviroal Research,
including vision, audition and all special and somatic
senses, psychomotor capabilities and skill retention; and
also aspects of orientation, sleep alertness, and circadian
rhythms. Biomedicine is concerned with the more direct
measurements of neurophysiological function, including
reflex testing and electrophysiological measurement. An
analysis of the areas of neurophysiology potentially appli-
cable to biomedical research in space resulted in the
identification of 20 critical issues categorized under the
headings of Vestibular Function, Electroencephalographic
Changes, and Skeletal Muscle Reflexes, The critical
issues applicable to autonomic reflexes are examined
under the appropriate related systems (such as cardio-
vascular reflexes and respiratory reflexes). The
information requirements for the other critical issues .
are supplied by the described research program.

Except for a few cases of motion sickness and reported
disorientation, few alterations have been observed in
neurophysiological function. Consequently, most obser-
vations will be directed toward detecting changes rather
than quantitizing previously established alterations, and
will be generally limited to the earlier phases of the crew
cycle.
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BACKGROUND AND CURRENT STATUS. Some of the earliest
reports of problems during spaceflight were those of
nausea and disorientation during the initial Russian
flights. Such problems did not appear to a significant
extent in U.S. flights until the Apollo fiights, where
the crewmen had greater freedom and mobility. The
problems of the U.S. astronauts were primarily restricted
to nausea. It has been hypothesized that the reduction
in sensory inputs during weightlessness and confinement
may, in turn, decrease stimulation of the reticular
activating system, and therefore reduce electroencepha-
lographic (EEG) and alpha blocking and alertness. Thus far
in the space program, these changes have not been
manifest. Changes in neurophysiological function during
ground-based simulations would not be readily extra-
polated to the space situation.

The initial significant data from spaceflights are expected
to be derived from two Skylab A experiments; M-131,

Human Vestibular Function, and M-133, Sleep Monitoring.

The experiment on vestibular function is a carefully
designed experiment using a specially constructed rotating
litter chair to detect changes in otolith and semicircular
canal function, orientation, and susceptability to motion
sickness. M-133 will investigate sleep patterns by an
automatic analysis of electroencephalographic (EEG) and
electrooculographic (EOG) records taken during selected
sleep periods of one astronaut. These experiments are
expected to supply information concerning neurophysiological
functions in space and to enable subsequent experiments to
investigate advanced aspects of these problems.

DESCRIPTION OF RESEARCH. Most aspects of vestibular
function accessible to investigation will be covered

by Skylab A, experiment M-131; it is anticipated,

however, that some verification of the results will be
desired and that the data will suggest additional experiments.
To accommodate further experimentation of this type, a
relatively open-ended vestibular experiment is recommended
for the Skylab B Program. EEG studies, in separate
experiments, will include both sleep and waking measure-
ments. - Sleep survey questionnaires and performance of
subjects aroused from selected sleep stages will be
correlated with changes in EEG and EOG sleep stage
patterns; and the frequency and duration of EEG
desynchronization will be compared to the subject's waking
performance. These experiments are designated 1-109,
2-117, 1-110 and 1~111 and are detailed in Phase II of

A Requirements Study for a Biotechnology Laboratory for

Manned Earth Orbiting Mission, NASA CR111794, and are
summarized in Appendix H of this report.
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More-detailed information on the effects of
weightlessness on CNS function and the brain areas

and mechanisms involved will have to be derived from
animal studies. Two such experiments, one investi-
gating the changes in the electrical activity of higher
centers in the cat and one investigating changes in the
cat's.vestibular apparatus and related structures, have
been recommended for conduct in the Mid Space Station.
Thesé experiments were designated 1-223 and 1-224 in
the above -mentioned biotechnology laboratory study and
are included in Experiment Research Cluster 1-BM-12
of the present report.

Although the spinal reflexes of the peripheral nervous
system are theoretically less susceptible to the effects
of the zero-g than is the central nervous system, some
degradation could occur, either through a loss of tone in
the effector muscles or through changes in hormonal
influences. It is desirable, therefore, to carefully
examine various aspects of the reflex functions for evi-
dence of change. This study is detailed in the subject
research cluster.

The measurements involved are similar to those made
during a clinical neurological examination except that
more-quantitative methods of evaluation have been

. substituted wherever possible. Changes in the activity

of nine of the cranial nerves (oculomotor, trochlear,
trigeminal, abducens, facial, glossopharnygeal, vagus,
accessory, and hypoglossal) will be superfically evaluated
by standard clinical tests; olfaction, vision, audition, and
spatial orientation will be examined in detail in experi-
ments described in the Individual Behavior area. Super-
ficial spinal reflexes, as exemplified by the abdominal
reflexes, will be. subjectively evaluated by the experi-
menter and more quantitatively measured by electromyo-
graphic recordings of the responding abdominal '
musculature's strength of contraction. Deep tendon
reflexes will be represented by the biceps and triceps
reflexes of the arm, and the knee and ankle jerk reflexes
of the leg. These reflexes will be elicited by tendon taps
and their activity evaluated by observation, electromyo-
graphy, and the application of accelerometers.

Six-subj.ects should be examined weekly for the first

4 weeks of the crew cycle and once every 2 weeks
thereafter for the duration of the cycle,
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IMPACT ON SPACECRAFT. The various
measurements described for Skylab B will have the
greatest impact on the spacecraft. The EEG leads
and associated electronics will not be a major
contributor, weighing only 1 1b, occupying 0,05 cu ft,
and requiring only 1 w of power, The supporting
oscillographic display will weigh 50 1b, occupy

3 cu ft, and require 60 w, but it is not unique to
these experiments. On the other hand, the rotating
litter chair associated with the vestibular experiments
weighs 210 1b, occupies 20 cu ft stowed and 30 cu ft
during operation, and requires 200 w when rotating
with momentary 400-w peaks., The associated
measuring equipment, electromyograph, and electro-
oculograph together weigh only 3 1b, occupy 0.15 cu ft
and require 2 w,

Compared with the above rather-massive equipment,
the items associated with reflex testing are quite
negligible, consisting primarily of small hand-held
instruments. The electromyogram is described above,
and the accelerometers should weigh only 1 or 2 ounces.

The impact on crew activity is not great. Three to six

subjects will be required for most experiments. Testing
time is minimal for all experiments except 1-111, which
will require approximately 1 hr per subject for each test

- period. Skill requirements are minimal except for reflex

testing, which will require a highly experienced experi-
menter, probably a physician.

REQUIRED SUPPORTING TECHNOLOGY DEVELOPMENT.
All techniques and equipment associated with vestibular
and EEG experiments described for Skylab B are being
developed for the Skylab A program and should, conse-
quently, be qualified for subsequent use. The use of
electromyography and accelerometers for the quantifi-
cation of reflex response is not a technique currently in
use and would have to be developed for spacecraft use.
Accelerometers of a size that could be applied to a limb
and not reduce its excursion would also require research
and development.
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Critical Issues Addressed by Research Cluster .
1-BM-7

EFFECTS OF WEIGHTLESSNESS ON THE
NERVOUS SYSTEM

1.1, 1. 1. 3. 1. 1.1
What changes occur in the susceptibility to motion sickness,
and what are the mechanisms associated with the changes?

1.1.1.1.3.1. 1. 2
What changes occur in spatial orientation, and what illusions
are associated with the changes?

1.1.1.1.3.1.1. 3
What changes 